Diagnosing discrete-event systems: extending the "diagnoser approach" to deal with telecommunication networks by Rozé, Laurence & Cordier, Marie-Odile
HAL Id: inria-00071622
https://hal.inria.fr/inria-00071622
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Diagnosing discrete-event systems: extending the
”diagnoser approach” to deal with telecommunication
networks
Laurence Rozé, Marie-Odile Cordier
To cite this version:
Laurence Rozé, Marie-Odile Cordier. Diagnosing discrete-event systems: extending the ”diagnoser










   



















ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Diagnosing discrete-event systems: extending the
“diagnoser approach” to deal with
telecommunication networks
Laurence Rozé, Marie-Odile Cordier
N° 4957
Septembre 2003
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 Rennes Cedex (France)































































   ¤ q3~mrfpstmruwvOk ~df_qXkdkfp} ~dqyk}­~fD} }ª}mnc9e'fD} svye'd¥{f©fD}`mnf9¥¿O¨f	¥{fp}­onD}fDqX¨©Â~f
mr9¥{ps9vye'e¨dku{spq¢mnu{vyk'fD}mR¨k donvOd¥{c9e'f~uw³­su{¥wf#f9ms9on¨s9u{qy¥]®  Ì qXd¥wus9qXmnu{vyk mr¨~u{9f~qXk}s9fmqXonmnus¥{f
fD}m¥{q~dmnfDstmruwvOkÂ~f­qykdkdfD}~dqyk}¥{fKd¥{¨}|yo5qXk~3orp}nfpqy¨I¦ºo5qXk9qXu}s9vye'e¨dmrq¢mruwvOk·~f­qO¿F¨dfm5}9®












kvO}mnu¿O¨f9¨doD®  Ì qXdonvs5bdf:dorvy<vO}n9f:~dqXkT}-Æ yzTdËtÈ}pÌ qydd¨du{f}¨o#~fp}bª<vXmnbcp}nfp}mnorvy[orfp}mnoru{smnu{´yfD}
<vy¨okdvXmronfqydd¥{u{spq¢mnu{vyk®"vXmronf-qydu{f9omrf9k~¹ÆÇËtÈ;qX¨©[qX¨mrvye q¢mrfp}svOe'e¨dkdus9qykFmr}p®  fp}#~du²³­s¨¥²x




' 2 D . £














a«vÉs9¥{qO}n}nu{spqX¥qXdonvFqys5bdfD}`uwkÃe'vykduwmnvOonu{kd|3}¨Ts5b }nª}mrf9e } qXorf[¬Fkv¢«¥wfD~|yf9xVqO}fD~3mnfDs5bdkdu¿F¨dfp}
mrbq¢m~duworfpsmn¥{ªIqy}r}nvs9u{qXmnf q_~uqX|OkdvO}nu{}mrvq_}f9mvX¦#}nªFe'mrvye } º¦ºvyof9©qye'd¥wf f9©Tfpom}nª}mrf9e } Æ{Ë9¢È
vOo}rsfpkqXoruwv-orfps9vy|Okdu²mruwvOk­}ª}mnfpe'}Æ{ËDDÈ tzqXkT~ e'v~df9¥wxVqO}fD~`mnfDs5bdkdu¿O¨fp}«bdu{s5bKonfDqy}nvyk qXM~¨smnu{´yf9¥{ª






~du{}rsorfmrff9´Of9kFm:e`v~fp¥vX¦mrbdf }ª}mnf9emrv<f ~u{qy|ykdvF}fD~_u{kOmrvqK¶kduwmnf }mrq¢mrf`qy¨mnvOe q¢mnvOkz!s9qy¥w¥{fp~q
~du{qy|ykdvF}fpop®abfmno5qXk}nu²mruwvOk};vX¦<mnbdu}qy¨mnvOe'qXmnvOk`qyonfmnbfvy}nf9or´¢qXd¥{ffp´yfpkOm5}9zOqXk~mnbf#}m5q¢mnfD}vX¦<mnbdf










s9vye'e¨kdu{spq¢mruwkd|:¶Tkdu²mrfxl}m5q¢mrf#e qys5bdu{kdf¦ºvyore qX¥{u{}ne «bdu{s5b u}TqXonmnus¨d¥qXor¥wª«fp¥w¥<}¨duwmnfD~`¦ºvyoRmnbdf#e'v~x
fp¥wu{kd| vy¦mrf9¥{fpsvOe'e¨dkdus9qXmnu{vyk[kdf9m«vOon¬}p®Åmnbdfpo}<fps9u²¶<suwmnu{fp}#qy¥{}nv'bqy~mnv <f-m5qX¬yfpk[uwkFmnv­qOs9s9vy¨dkFmpz
u{ks9¥w¨~duwkd|'mrbdf-f©u}mrf9ks9f-vX¦uwkFmrf9ore`uwmmrf9kFm#¦§qy¨d¥²m5}9zdmnbdfu{e'TvOom5qXks9f:vX¦;mnf9e'<vyo5qX¥u{k¦ºvOone q¢mruwvOk	qyk~!z
¶TkqX¥{¥wªOzmrbdf ¨dkFmno5qysmrqX¥wf }nuwÀpf vX¦mnbdf |O¥wvOqX¥±e'v~f9¥RvX¦mnbdf­}nª}mrf9e[®Kabdu}-qyTfpoqXkqy¥wªÀ9fD}mnbdfD}f
~du²³­s¨¥²mruwfD}#qXk~f©d¥qXu{k}bdv¢« «f:v¢´Of9o5s9qXe'fmnbdfpe	®





 ÎÏ½ÙÇÓ×]ÖÓ]ÖnÐ5×§Ü¾Ï_ÚÐ5ÓÜnÐ5×§×§ÙÇÖçÕtÝDÔÙÇÑ_Ð§ÕtÙÇÑ9Ôá½×§Õ§ÖÜlÔÚÙ Ô]Ï	Ô]Ï½Ö:6TÎ¢×]Ð5Ñ½ÜÖ`ÎÖãÇÖÜÕtÞMÖÑÔV×§Ö 6ÐrÔVÙÇÕtÑ¢Ð5ã
ç Ô]Ý½ç½ÖÓç½ÖÓÎæãÇæÜÕtÞÞÝ½Ñ½ÙÇÜÐrÔ]ÙÇÕtÑ½Ó ½ÙÇÑ#ÔVÏDÖ! 6TÎ"# 698à%$#&('*)+'-,/.102'*&á½×§Õ]ÖÜlÔß
57698:5$;
 3 	 
   








  !#"%$'&($*),+.- /0
abfkdfm«vyor¬Ks9vyk}nu{~df9orfp~	uwk[mrbdu}#qyTfpo#u{}#mnbdf¥{qyon|Ofp}m°onfpks5b_qOs5¬yfm}n«uwmrs5bdu{kd| kdf9m«vOon¬M®abu{}
kfm«vyor¬­u{}e qy~f-¨d_vy¦qX<vy¨m#mrf9k[mrfps5bdkdus9qy¥sfpkFmnf9o5}]a  qXk~_qyTvO¨mmnbonfpfb¨dk~orfp~_}n«u²m5s5bdfp}
V¼ tzbdu{f9o5qXo5s5bdus9qy¥w¥{ª¸}mnor¨stmr¨donfD~ §s¦¶|y¨onfË t®3  u{}mnbdf[}n¨dTfpon´u}u{vyk·s9f9kFmnfpop®Iabdf}n«u²m5s5bdfp}
orvy¨dmnf~q¢mrq­mnbdorvy¨|yb_mrbdfkfm«vyor¬<®:abdfpªqXorfe qy~f¨d¸vy¦}mrq¢mruwvOk}$ºbqyor~«qXorf vyk¸«bu{s5borvy¥{fp}
]}vy¦ m«qyonf on¨dk®[abf9orf­qXorf'm«v_¬u{k~d}-vy¦orvy¥{fp}qXk~3}mrq¢mruwvOk} 21  qXk~.13`®;abdf41  orvy¥{f u{}
mrbdf-vy<f9o5q¢mruwk|­}ª}mnf9e+vX¦;mnbdf}n«uwmrs5b®i¾¦±q'onfDqX¬~v¢«kKvsps¨do5}vyk	mnbf51  }mrqXmnu{vyk º«bdus5b[u{}#mnbdf
}mrqXmnu{vyk·vOk·«bdus5bÉmnbf41  orvy¥{f­on¨k} zmnbdf[}n«u²m5s5b·u{}kdvI¥wvOkd|yfpo«vyor¬Fu{kd|T®¸°dvOo`}rq¢¦ºf9mªyz±qXkÁ¼
u{ks9¥w¨~dfp}:m«v61 }mrqXmnu{vyk}qyk~¹onvO¥wfD} ;vykf u{}qOstmruw´Of­qXk~Imnbf­vXmrbdf9o«u{¥{¥TfDsvOe`fqystmruw´Of'u²¦#qXkT~
vOkd¥{ªIuw¦mnbdf[qysmnu{´yf71%=}mrq¢mruwvOkÉdorfpqX¬}~v¢«k®¸abdf813 }mrqXmnu{vyk}qXk~·onvO¥wfD}qXorf­u{kÂs5bqXor|yf vy¦





.............SW SW SW SW






s9vye'<vykdfpkOm5}'vyo'mrv3mnbdf}n¨d<f9or´Fu}nuwvOk s9f9kFmnfpo­u²m5}fp¥²¦® ilkÃmnbdu} ¥qy}m spqy}nf[mnbdfpªÁqyonf_s9qy¥w¥{fp~ qX¥qXore }9®
Í ¥{qyone }-qyonf'¦ºvOon«qXo5~fp~¦ºonvOe vOkdf­svOe`<vykf9kFm-mnvqykdvXmrbdf9o-¨d3mrv[mnbdf­}n¨d<f9or´u{}nuwvOkÉsf9kFmrf9o ] t®
°vyof©dqXe'd¥{fyz±qXkÁqX¥qXore/fpe`uwmmrfp~ÂFª3qXk ¼ u{}mno5qXkT}e'uwmmnfD~ÉªÉqa  Tf9¦ºvyorfqyonoruw´u{kd|q¢mmnbdf
®Rabdf¸}n¨d<f9or´Fu}nuwvOkÁdorvy¥wfpe svOk}nu{}mr} u{k qXkTqX¥{ªFÀpuwk|Imrbdf¸}mnorfpqye vX¦qX¥qXore } qXoronu{´uwk|¹qXm­mnbdf


















  "!#$%'&)( zD«bdus5bsvOonorfp}n<vyk~d}!mnv#mrbdfRonfDqX¬~v¢«k:vX¦qF13Ã}mrqXmnu{vyk® Í };qsvOk}nfp¿F¨df9kTsfyz
mnbdf-orvy¥{f:on¨kdkdu{kd|'vyk	u²m}nbduw¦ mr}mrv'mnbdf-orfp}rs¨df:}mrq¢mruwvOk ºdorv¢´u{~fD~­uwm#u{}#kdvXm#qX¥{orfpqy~dª d¨}nª ®




  "!# zd«bdus5bsvOonorfp}n<vyk~d}mrv'mnbdfdonfDqX¬~v¢«k	vX¦±q 13 }mrqXmnu{vyk[«bdfpk[mnbdforfp}rs¨f
}m5q¢mruwvOku}kdvym¦ºorf9fO®
 435$%'&)( z«bdu{s5bs9vyoronfD}<vykT~d}mnv mrbdfonfDqX¬~v¢«k	vX¦mnbdf`qysmnu{´yf 1  }m5q¢mnu{vyk® Í }q­s9vykx
}fD¿F¨df9ks9fyzmrbdf 1 »orvy¥{f}nbduw¦ mr}mrv'mnbdf-vymnbdfpo%1 »}mrq¢mruwvOk®




	0 zM«bdu{s5bIsvyororfp}nTvOk~d}mrv­mrbdfonfDqX¬~v¢«k_vX¦±mrbdf 1 %}m5q¢mnu{vyk¸«bdu{s5b¸u{}
kdvXms9¨doronfpkOmr¥wª u{k_s5bqXor|yfvX¦;mnbf:}n«uwmrs5b®
abdfD}f	¦§qyuw¥{¨dorfp} qXorf	kdvXm <f9ore'qykdf9kFm'¦§qXu{¥{¨donfD} mrbdf9ªÂ~du{}rqXd<fpqyo q¢¦ mnfpo­q¹«bduw¥{f[f9uwmnbdfpo­~¨df	mnv
qy¨mnvOe q¢mnusonfDsv¢´yfponª'dorvsfD~¨dorfp}vyo~¨df:mrv`orf9TqXu{oqOstmnu{vykT}9®ilkmnbdf:¶o5}mspqy}nfyzFmnbfmruwe'f:m5qX¬yfpkKª















   







    C*=(H )C$@<
abf[}n¨d<f9or´u{}nuwvOkÂsfpkFmnf9o'orfps9f9u{´yfp}'qyTvO¨m	ËDyz Oyqy¥{qyone }'qI~q½ªy® Í kqX¥{ªÀ9u{kd|Imnbdu} }fD¿F¨df9ks9fvy¦
qy¥{qyone }u}-q	~du²³­s¨¥²m-m5qy}n¬<ze'qO~f'bqXo5~fpoª_m«v	dbdf9kvye'f9kq mnbdf e qy}n¬uwk|dbf9kdvOe`fpkdvyk3qXkT~









fD}<fps9u{qy¥w¥{ª }vuwkmnbfspqy}nfvX¦e'qO}¬u{kd|® Í s9s9vyo5~u{kd|mrvmrbdfmruwe'fmrqy¬yf9kª'q`svOe'TvOkdf9kFmmnvorfmr¨dork
mrvÉqIkvyore'qy¥}m5q¢mnfOzqyk qy¥{qyone8orfp}n¨d¥wmnu{kd|¹¦ºonvOe q¸¦§qy¨d¥wm­«uw¥{¥vyo «u{¥w¥kvXm onfDqys5bÂmnbdf}n¨d<f9or´Fu}nvyoD®




 fm¨T}­m5qX¬yfIqXk f9©qye'd¥wf¸uwks9¥w¨T~uwk|Â<vXmnb e qy}n¬Fu{kd|Âqyk~ mnfpe'TvOorqy¥s9vyk}mno5qXu{kFmr}p® ¼»bdf9k q
 
 vs9s9¨dor}pzd<vXmrb_mnbdfmnfps5bkdu{spqX¥;sf9kFmrf9o  qyk~	mnbdf}«uwmrs5bdfD}¼ ~fpTfpk~u{kd|KvOk[u²m:qXorf
|Ovyu{kd| mrv­dorfpqX¬[~v¢«k §fpqOs5b¸¼6orf9<vFvymr} t®#¼»bf9kIq­mnfDs5bdkdus9qX¥;sfpkOmrf9odonfDqX¬}~dv¢«kzTuwm-}fpk~d}q
	%$ qX¥qXore%mnvmnbdf#}n¨d<f9or´u{}nvyo2¢«bdf9ku²morfmr¨dork}mrv-qkdvOone qy¥}mrqXmnfOzXu²m}nf9k~};q 
$ qX¥qXore[®¼»bdf9k
qyk¼ onfDqX¬}~dv¢«kzOuwm#}fpk~d}qXk , qX¥qXore qyk~­«bdfpkKuwmorfmr¨dork}mrvqkdvyore qX¥<}m5q¢mnfOzu²m}fpk~d}
qyk , qX¥qXore¯mnv`mrbdf}¨Tfpon´u}u{vyk[sfpkOmrf9oD®±abdfp}nf-qX¥qXore'}bq½´Ofmnv'Tf:mrorqyk}ne`uwmmrfp~mnbonvO¨d|ybmnbdf
mrfps5bdku{spqX¥Rs9f9kFmnfpo<f¦ºvyorf­qXororuw´u{kd|_q¢mmrbdfK}n¨dTfpon´u}u{vykÉs9f9kFmnfpo§}nf9f'¶T|y¨dorfË :qyk~¹mnbu{}mnfps5bkdu{spqX¥
s9f9kFmnfpobTqy}mnvTf:u{kqkdvyore qX¥M}m5q¢mnfmnv`Tf-qyd¥wfmnvmno5qXk}ne'u²mmnbf9e[®±ilk­mrbdfspqy}nfvy¦q  
 z
mrbdf , qy¥{qyone }bq½´Ofkdvs5bTqXks9f`vy¦orfpqOs5bduwk|Kmrbdf­}¨Tfpon´u}vOopz!mrbdf9ªIqXorf`|Ovyu{kd|mnv_<f e'qO}¬Ofp~!®
vOksfponkuwkd|­mnbdf , qX¥qXore }9zMuwm:~df9<f9k~d}vOkmnbforfp}nTfDstmruw´Of~dqXmnfp}vy¦mnbdf`orfmn¨onk¸mnvqkdvOone qX¥
}mrqXmnfvy¦mnbdfmnfps5bkdu{spqX¥;sf9kFmrf9oqyk~[vX¦mrbdf}n«u²m5s5b®i¾¦±mnbf}n«u²m5s5bsvye'fD}#qOs5¬KmrvKq kdvOone qX¥}m5q¢mnf
<f¦ºvOonfmnbf'mnfps5bkdu{spqX¥±sfpkFmnf9o-~vfD}9z!mrbdf , qX¥qXore «u{¥w¥±<f e qy}n¬yfp~ uwkImnbf`vymnbdfpo-s9qy}nfyz!uwm«u{¥w¥
orfpqOs5b­mrbdf}¨Tfpon´u}vOop®
 fm¨}-}n¨dd<vO}nf`m«v[}«uwmrs5bfp}¼ Ë qXkT~¹¼ 	¨k~f9o:mrbdf'mnfDs5bdkdus9qy¥s9f9kFmnfpoa ® Í s9s9vyo5~uwk|




%$  z 	0$  z ,/  z , 
 
%$  z 	0$  z ,/ z ,  
 






%$  z 	0$  z ,/
 
%$  z 	0$ ilkmnbdfmnbdu{or~¸}fD¿O¨f9ks9fyz!¼ ­s9vye'd¥{fmnfD~_uwmr}onfpTvvXmruwk|­Tf9¦ºvyorfmrbdfmrfps5bdkdus9qy¥s9f9kFmnfpos9vye'f9qOs5¬}
u{k_q`kdvyore qX¥}mrq¢mrf	uwmr} , qX¥qXore4u}e qy}n¬yfD~ u²m#u}kdvymmnbdfspqy}nf¦ºvyo   qyk~	u²m5} , qy¥{qyone
u} orfps9f9u{´yfp~ ª·mrbdf¸}n¨d<f9or´Fu}nuwvOk s9f9kFmnfpop®Silk mnbdf¥qy}mK}nfp¿F¨df9kTsfyzmrbdf_m«v·}«uwmrs5bdfD}­svOe'd¥wf9mnfD~
mrbdf9u{oorf9<vvXmnu{kd|_<f¦ºvOonf'mrbdf mnfDs5bdkdus9qy¥sfpkFmnf9osvye'fpqys5¬}mnvq[kvyore'qy¥R}mrq¢mrfy®	ilk¹mnbdf­kfm«vyor¬<z
«bf9orfqX<vy¨m:gy	¼¹}~fpTfpk~vOkvykdf`a zTe'vOonf-mrbqXk   qX¥qXore }fD¿O¨f9ks9fp}qyonfTvF}n}nuw¥wf¦ºvyoq
 
 svyororfp}nTvOk~u{kd|mrv`mnbdf Ëmnv­gO , qX¥qXore }orfpqOs5bdu{kd|mrbdf}n¨dTfpon´u}vOop®
abdf¥{qO}mdorvyd¥{f9e+u{}mnbqXm#mnbdf}nª}mrf9e+u{}kvXm~uqX|OkdvO}rqXd¥{f-qy}~f9¶kdfD~[uwk3Æ{Ëp½È¾zvOomnv <fe'vyorf
onfDsu}fOzmrqy¬uwkd|Imnbu{} ~f9¶kduwmnu{vykÃ«u{¥w¥¥{fpqO~Â¨}`mrv3|yfm vOkd¥wªÂvykdf[s¥qy}r} svOkOm5qXu{kdu{kd|¹qy¥w¥mrbdf	¦§qX¨d¥wmª
}nuwmn¨qXmnu{vyk}p®abdu}:u}:e'qyuwk¥wª¸~d¨df`mnv	mnbdf'e qy}n¬uwk|dorvy¥wfpe ~u}ns9¨}n}nfp~IqX<v¢´yf'qXk~mnv	mnbf ¨dksfpox
m5qXu{kFmª_vX¦mrf9e'TvOorqy¥uwk¦ºvOone qXmnu{vyk®u{}mnu{ksm¦§qy¨d¥wmr}-s9qykorfp}n¨d¥²m:u{k¸mrbdf }nqye`f`}fD¿F¨df9ks9fvy¦qX¥qXore }9®
°vyof©dqXe'd¥{f`vykdfvX¦mrbdf'TvF}n}nuw¥wf'qX¥qXore}nfp¿F¨dfpksfD}¦ºvyo:q  u} 
%$  z 
$  ®
¨mq 
	 º«bf9orfmrbdf ¥{uwkd¬¸Tf9m«fpf9kImnbdf }n¨dTfpon´u}u{vyk¹sfpkOmrf9oqyk~mrbdf`mnfDs5bdkdus9qX¥s9f9kFmnfpo:u{}
s9¨m z!onfD}¨¥²m5}u{k¸f9©qOstmr¥wª	mnbf`}rqXe'f'}fD¿O¨f9ks9fvX¦qX¥qXore'}p®ilk¸mnbdf }rqXe'f«q½ªyz<vykfvX¦Rmnbdf`TvF}n}nu{d¥wf
}nfp¿F¨dfpksfD}¦ºvyoq  u{} 	%$  z 
0$   z ,/ ®¨m«bf9kÉq 
	 qXkT~




s9¨doronfpkOmvykdfqXk~ uwmu}vX¦ mnfpk­<vO}r}u{d¥{f#mnvmrqy¬yf#dorvX¶mvX¦orfps9f9u{´yfD~ qX¥qXore'}mnv`~u{}rsoru{e`u{kqXmnf#<fm«f9fpk
spqXk~du{~dqXmnfD}9®
  !#"%$ $ ?
$ /) <	 <)B$@I








$ qX¥qXoreqXmmruwe'f   «uwmnb  
 
 qyk~e'vOonfmnbqykmnbonfpf , qX¥qXore }qyonfonfDsf9u{´yfD~_u{k
      mnbdfpk·uwmu{}donvOqX¥wf'mrbq¢mq  
 vs9s9¨donorfp~®abdu}or¨d¥{f u{}s¥{fpqXor¥{ªqy}nfp~¹vOk
mrbdfKf9©Tfponu{f9ks9fKvy¦#¨}fpor}p® Í kdvXmrbdf9o`TvF}n}nu{duw¥{uwmª¹f9©d¥{qyuwkuwkd|mnbdu}}nfp¿F¨dfpksfvX¦qy¥{qyone }-u{k·mrbdf9vOonª
«vy¨¥{~ <f#mrbdfvsps¨dororf9ks9f#vX¦q 





f9©d¥{qyuwkT}mrbq¢m­q  «u{¥w¥|Of9kdfporqy¥w¥{ªÉe qXkduw¦ºfp}m u²m5}fp¥²¦FªÂe`vOonfmnbTqXkÁmnbdorf9f[kdvOkxVe qO}¬Ofp~
, qX¥qXore }9®





   

















; &"&-'&)*<	!!!, !"*=" ; &>@?A!2&2B&C5D
"&
3  !FEG'&)-#&!H!"& 3 I#
 3 I10J	!"(&2.E
°;uw|O¨donf¨d¥{f-vX¦mrbdf-f©<f9onm}ª}mnfpe












ilk	¦§qOstmpzT«bdf9kq s9vye'<vykdfpkOm#orfps9f9u{´yfD}q'e`fD}n}rqX|Ofm«v s9qO}fD}s9qyk	<f~u}mnu{kd|y¨du}nbdfp~ Rmnbdf-e'fD}n}rqX|Of






















 3  u{}mrbdf}f9m#vX¦mnbdf-kdf9m«vOon¬­s9vye'<vykdfpkOm5}9®
 "3  #  u{}mrbdf}nfmvX¦TvOom5}vX¦;mnbdf:kdf9m«vOon¬M®
  3 u}mnbdf}nfm#vy¦mnu{e'f-uwkFmrf9or´½qy¥{}       ®
 "! * u}q¦º¨kstmruwvOk­¦ºorvye "3  #		
 3  mrv# /"3  #   ®;i¾m
onfp¥{qXmnfD}fpqys5b[svOe'TvOkdf9kFmmnv'uwmr}#}nfm#vy¦<vyonmr}p®
  +*, , 
)&)*, u{}:q­¦º¨dkstmruwvOk¸¦ºorvye "3  #		
 3 %$ 3  # 
mnv "3  #		
 3 &$ "3  # &$' 3( ®
+*, , 
)&)*,   	)! *   +!-,  e'fpqyk}mnbTq¢m<vyonm !  vy¦s9vye'TvOkdf9kFm   u}-svykkdfpsmnfp~¸mnv
TvOom ! vy¦!s9vye'<vykdfpkOm   ® _vyorf9v¢´Of9ouw¦q-e'fp}r}nqy|yfu{}Rf9e'uwmmnfD~­q¢mRmnu{e`f  vyk <vyonm !  zyuwm«u{¥w¥
Tforfpsfpuw´Ofp~ vOk­<vyonm ! q¢mmnu{e'f . «bdfponf . <f9¥{vykd|F}mrv   /, 	  /,  «bdfponf ,0*  , 1,  ®
 ) ,-$32 &1)   u{}q<vvy¥{fpqykK¦º¨dkTstmnu{vyk	¦ºorvye 3  #		
 3   mrv
4 )	 	( 65 $287 u{k~us9q¢mruwk| «bdfmrbdf9omrbdfsvOe`<vykf9kFmu{}u{k_qmno5qXk}ne'u²mnmnu{kd| }m5q¢mnf:vOokdvXmD®
¼»uwmnb[mrbdfp}nf:kdvXm5q¢mnu{vykT}9zdq'}mnor¨stmr¨dorqy¥!e'v~df9¥u}q ½xVmn¨dd¥{f	
/"3  #		
 3  "3  #  )!*  +*, , 
)&)*,  )0,-$32 &1) 2
: ;: !#"%$ G
$@"*A%CD- / H I -%$@H
abf Tfpbq½´uwvOorqy¥±e`v~fp¥Rorf9dorfp}nf9kFm5}mnbdfK}mrqXmnf vy¦mrbdfKsvOe'TvOkdf9kFmr}qXk~3bdv¢«=mnbdfpªIorfpqOstm-mrv[¦§qXu{¥²x
¨onfD}9®abdf<f9bTq½´Fu{vyo5qX¥Te'v~df9¥<vX¦fpqOs5bKsvOe'TvOkdf9kFmRu}~fp}rsoruw<fp~'ª qs9vye'e¨kdu{spq¢mruwkd|¶kduwmnf:}m5q¢mnf
e qOs5bduwkfKÆ zËÈ¾®:abu{}¦ºvyore qX¥{u{}ne bqy}dorv¢´yfp~	mrvK<f«f9¥{¥±}¨u²mrfp~[mrve'v~f9¥{u{kd|~ªkqye'u{s}ª}mnf9e }






i¾m-e'fpqyk}mnbqXm:«bf9kImnbdf svOe'TvOkdf9kFm  orfps9f9u{´yfp}mnbf`e'fD}n}rqX|Of 2  vykITvOom !  q¢m:mnu{e'f  zu²m
}n«uwmrs5bdfD}¦ºonvOe $     mnv $  0   qyk~¹}fpk~d}mnbf e`fD}n}rqX|Of 2  vOk¹<vyonm !  qXm-mnu{e'f 9, «bf9orf
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  ËOË
,   , 	-,   ® , mnbf9orf¦ºvyorforf9dorfp}nf9kFmr}RqXk f9e'u}n}nu{vyk ~f9¥q½ª¦ºvyo±mrbdfe'fp}r}rqX|yf 2  ®abfsvOe`<vykf9kFm  .
«bu{s5b­«u{¥{¥Torfps9f9u{´yfmrbdfe'fp}r}rqX|yfu{}¥wu{kd¬Ofp~`mnvmnbdforfpsfpuw´u{kd|<vyonm !  ª`mnbdf +*, , 
)&)*, ¦º¨dkstmruwvOk®
abfe'fp}r}rqX|yf«uw¥{¥<forfps9f9u{´yfp~ª:mnbdfsvOe`<vykf9kFm  . q¢m;mnu{e`f   , , . «bdfponf , . u{}mnbfs9vykdkfpstmruwvOk
~df9¥q½ª Tf9m«fpf9k  qXk~  . §«f:bq½´Of 6*, , 2+)&1*,   )!  *   . +!  .1,8.  ®
°vyore'qy¥w¥{ª¸q[svOe'e¨dkdus9qXmnu{kd|	¶kduwmnf­}mrqXmnf e qys5bdu{kdf'u}q	XxVmn¨dd¥{f    
	 «bdfponf  u{}-q
¶Tkdu²mrf}f9m­vX¦-}m5q¢mrfp}pz 	  u}'mnbfuwku²mru{qy¥}m5q¢mrfyz  u}­qÉ}nfm­vX¦:f9´Of9kFmr}p®»ilkÃvy¨doqXdd¥{us9q¢mruwvOk
 * z«bdf9orf  qyonf:f9e'uwmmrfp~	f9´Of9kFmr}qyk~  qyonf:orfpsfpuw´Ofp~Kf9´yfpkFmr}p®
Í kf9´Of9kFmu}#orf9dorfp}nf9kFmrfp~	ª[q­qXu{o )2 +! «bf9orf 2 u}mrbdfmª<fvy¦e`fD}n}rqX|OfqXk~ ! Tfp¥wvOkd|O}
mrv "3  #  ®
 u{}mrbdf:mno5qXkT}uwmnu{vyk¦º¨dksmnu{vyk[e qXddu{kd| 
 $   $   $  3(  
f¶ku²mruwvOk±u{kFmnfponkqy¥!e'fp}r}nqy|yf! f©mnfponkqy¥Me`fD}n}rqX|Of
Í e`fD}n}rqX|Of-f9e'uwmmnfD~[¦ºorvye q­svOe`<vykf9kFm  mnvKu²m5}fp¥²¦u}qyk_uwkFmnfponkTqX¥e'fp}r}rqX|yf Tq'e'fp}r}rqX|yf-fpe'u²mnmnfp~
¦ºorvye/q_svye'<vykdfpkFm  mrvqXkdvymnbdfposvOe`<vykf9kFm  . vOoqXk3f©vy|Of9kdvO¨}e'fp}r}nqy|yf!§svOe'uwkd|[¦ºorvye mnbdf
vO¨mr}nu~f-qy}¦§qXu{¥{¨donf:fp´yf9kFm5} u}#qXk	f©mnfponkTqX¥!e'fp}r}nqy|yfO®
f¶ku²mruwvOkqOstmruw´Ofe'fD}n}rqX|Of" ½Tqy}r}u{´yf#e'fD}n}rqX|Of
Í e`fD}n}rqX|Of 2 orfps9f9u{´yfp~vyk_<vyonm ! vy¦svye'<vykdfpkFm  u{}qystmruw´Of:¦ºvyomnbdu}s9vye'TvOkdf9kFmuw¦qXk~[vOkd¥{ªKuw¦
# $  &%' /$	  2 )!  (*  $ . )(  «u²mrb $ .** $ vyo   $	 )2 +! (*/$  4 )2+ )!,+ -,-+ /.).).  2 )!  1,8 7
}n¨s5b¸mnbqXm # & «u²mrb 2 0** 2 ®`i¾m:e'fDqXk}mnbTq¢m:mnbdf e'fD}n}rqX|OfyzM«bdf9k¹orfpsfpuw´Ofp~¸Fª[mrbdf svOe`<vykf9kFmpz
fpu²mrbdf9o#s5bTqXkd|Ofp}u²m5}#}mrq¢mrf:vyomnoru{|y|yfpor}mrbdf-f9e'u}n}nuwvOkvy¦;qXm#¥wfDqy}mvOkdf:kdf9« e'fp}r}nqy|yfy®
Í e'fp}r}nqy|yf 2 orfpsfpuw´Ofp~ÉvOkÂ<vyonm ! u{}qO}n}nuw´Of­¦ºvOo`qIsvye'<vykdfpkFm  u²¦qyk~ÉvOkd¥wªÉuw¦uwm`u}`kdvXm





s5bTqXkd|Ouwkd|¹uwmr} mª<f `u} orf¦ºf9ororfp~Âmnv·qy} qyk»qX¥qXore	® Í k»qX¥qXore u{} mnbdfponf9¦ºvyorf[q3Tqy}r}u{´yf	e'fp}r}nqy|yfy®
vOk´yf9o5}nf9¥{ªyzqTqy}r}u{´yf:e'fp}r}nqy|yfu{}|Of9kdfporqy¥w¥{ª­qXk[qX¥qXore[®
:   12C&(0 < G
$*),+.$ $@&)"%$ ),+.- I -%$@H<
  Í ¦º¨dksmnu{vyk 6$ qy}r}nvs9u{qXmnfD}mnv fpqOs5b[kdv~f-vX¦mnbf-mno5qXk}ne'u{}r}nuwvOk|Oorqydb	qyk_qX¨mrvye q¢mrvyk[«bdus5b
~fp}rsoru{TfD}bdv¢« mrbdfsvOe`<vykf9kFmTfpbq½´yfD}9®
  Í ¦º¨dkstmruwvOk (2  4 )2	   ( 65 $287 u}~f¶Tkdfp~K¦ºvyofpqOs5bKqX¨dmnvye qXmnvykzF«bf9orf  u{}mrbdf-}f9mvy¦
qX¨mrvye q¢mrvyk[}m5q¢mrfp}p®;i¾m#u{k~us9qXmnfD}«bdfmrbdf9omrbdf}mrq¢mrf  u}qmno5qXk}ne'u²mnmnu{kd| }m5q¢mrf-vyokdvXmD®
  3uw´Of9k¹mnbf­s¨doronfpkFm-}mrqXmnf 6$ vX¦q	s9vye'<vykdfpkOm  zmnbf ¥wu{kd¬¸<fm«f9fpk¹mnbdf­}mnor¨stmr¨do5qX¥±e'v~f9¥
qXk~mrbdf-Tfpbq½´uwvOorqy¥Te'v~fp¥u{}#e'qO~f:ª mnbdf:¦ºvO¥w¥{v¢«u{kd| svykT}mrorqyuwkFm 
3 4  "3  #		
 3    (  6$    * )0,-$32 &1) 2    ®






  abdf[}mron¨smn¨do5qX¥e'v~df9¥u{}`}¨d³ s9uwfpkFmmrv¸e'v~f9¥mnbdf	dorvyqy|OqXmnu{vyk3vX¦mrbdfqy¥{qyone } ]qXk~·mnbdf






:    =FCH-(C&')"%$ I -($@H G   -EI ?








¥{v¢«u{kd|Kmrbdf }ªks5bonvOkdvy¨}svOe`<vO}nuwmnu{vyk3qXk~mnbdf svOe'TvF}uwmnu{vyk¹vX¦s9vye'e¨kdu{spq¢mruwkd|[qX¨dmnvye qXmrq	qXorf
~dfp}rsoruw<fp~!®

	  *  2 2  *  , £  22 ;  2 4£y
ilkmnbu{}}nfpsmnu{vykmnbdf#}nª}mrf9eu}qO}n}n¨de'fp~mnv-svOk}nu{}m±vX¦<}nf9´Of9o5qX¥~u}mruwkTstmdbª}us9qy¥dsvOe`<vykf9kFmr}pzXfpqOs5b
vy¦«bdus5bKu}Rorf9dorfp}nf9kFmrfp~ ª q-¶ku²mrf}mrqXmnfe'qOs5bdu{kdf !	 * 	    3 $ 	  ® 	 u{}Rmnbdf:}mrq¢mrf}nqOsfyz
  u}mrbdf }f9mvy¦Rf9´Of9kFmr}pz   u{}mrbdfmrorqyk}nu²mruwvOk_¦º¨dksmnu{vykz«uwmnbIkdvmnf9e'<vyo5qX¥svOk}mrorqyuwkFm5}9zMqXk~ $ 	 
u}:mrbdf uwku²mru{qy¥}mrq¢mrf vX¦ !	 ® abdf:vOuwkFmvOTfporqXmnu{vyk¹vX¦m«v[vyoe`vOonf qy¨mnvOe'qXmrq[svOonorfp}n<vyk~d}mrv_mnbdf
}nªks5bdorvykdvO¨}s9vye'<vO}nu²mruwvOkdorvs9fp~¨onfO® vOk}u~fpom«v~u}rsorfmnf`f9´Of9kFm}nª}mrf9e } !0+ qyk~ ! ®-¼If
~df9kdvymnf     mrbdfqOstmnu{´yff9´Of9kFm}nfmvy¦ !	 q¢m}mrqXmnf  zu]® fy®;mrbdf}nfmvX¦qy¥w¥mno5qXk}nuwmnu{vyk}vX¦ !	 q¢m}m5q¢mnf
 ®  f9m !*    $ 	  ~f9kvXmnfmrbdf}ªks5bonvOkdvy¨}s9vye'TvF}uwmnu{vyk	vX¦ !0+ qXk~ ! ®abdf9k
 *  +   
 *  $  
   $ + $   *     + $ +! " $ u²¦     + $ + $# /$   + $	!  $ +   uw¦     +  $ +  ( %




& ' 2 ( 2     2 2  * 9p  ;£X   ¢¡ (  2 4 * (]
 fm#q }mnor¨stmr¨dorqy¥Me`v~fp¥<f~fp}rsoruw<fp~ªq ½xVmn¨d¥wf 
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  ËDg
/"3  #		
 3  "3  #  )!*  +*, , 
)&)*,  )0,-$32 &1) 2
«bf9orf
"3  #		
 3   * 4  +   7
"3  #  *  + ' 
! *	  + (*9 +* +   , +   
! *	 %(*9  *    ,    
+*, , 
)&)*,2    +$ +       %	$         %	$        /+	$' +   
)0,-$32 &/) 2   3  #		
 3   4 )2	   ( 65 $287
 +   §onfD}®      u}Rmnbdf}f9mRvX¦<vyonmr}RvX¦  + ºorfp}n   «bdus5b­qXorfsvOkdkdfpsmnfD~`mnv   §onfD}®  + tz
 +    *  + (  +    qyk~      *   (      ®
Í ¦ mnf9osvye'<vO}nu²mruwvOkvy¦  + qyk~   u{k  zmnbdf-e'v~fp¥u{}mnbdf¦ºvy¥{¥{v¢«uwkd|­¢x]mr¨dd¥{f
/"3  #		
 3  .  "3  #  .)!*.  +*, , 
)&)*, . )0,-$32 &/) 2 .  «bdf9orf
qy¥w¥MmrbdfsvOkdkdfDstmnu{vykT};vyu{kduwk|  + mrv   bTq½´yfTfpf9k	mrqy¬yf9k	v º«uwmnb_qX¥{¥!mnbfqy}r}vsuq¢mrfp~KTvOom5} ®
"3  #		
 3  . * 4  7
"3  #  . *  +   /'   
!*2 . /(* "3  #  .
+*, , 
)&)*, . *	
)0,-$32 &1) 2 . /(* )0,-$32 &1) 2   + 















 fmsvOk}nu{~fpomnbdf-e'v~f9¥|yu{´yf9k	ª ¶|O¨donf:T® f9¦ºvyorf:s9vye'<vO}nu²mruwvOkzmnbdf¢x]mr¨dd¥{f:u{}|Ouw´Of9kFª 
3  #		
 3   * 4  + % 7
3  #  * 4 !  )! +!  . )! . 7
!*	  + * 4 !  +! 7 «uwmnb +    * 4 ! 67	+    * 4 !  7
!*	 %  * 4 !  . )!  . 7 «uwmnb      * 4 !  . 7    * 4 !  . 7
6*, , 2+)&1*,"* 4 !  .  !)!  !  . 7
)0,-$32 &1) 2  "3  # 		









 3  . * 4  7
"3  #  . * 4 !  +! . 7
!*2 . /(* 4 !  +! . 7
+*, , 
)&)*, . *	
)0,-$32 &1) 2 . * )0,-$32 &1) 2   + 
 )0,-$32 &/) 2  %
  ' 2 ( 2     2 2  *  * ¡ 2  ¢¡ (  2 4 * (] 0   2   4 * (§¡ ,
 fmmnbf-Tfpbq½´uwvOorqy¥<e'v~fp¥{}vy¦;s9vye'TvOkdf9kFm  + qXkT~   <f-|yu{´yf9k	ª 
 +*0+  +  +  $ 	   + 
% *	 %"  $ 	   
«bdf9orf¦ºvyo & *     *           
     *         ,        
     *        /        
         u{}mnbdf`}f9mvX¦±f9e'uwmmrfp~[u{kOmrf9orkqX¥e'fp}r}nqy|yfp}p®R¼¹fbq½´Of 2 * ,  2  +! *            
2        
'!*         ®                   qXkT~          qyonfonfD}<fpsmnu{´yfp¥wª¹mnbf	}nfm'vX¦fpe'u²mnmnfp~
f9©mnf9orkqy¥ye'fp}r}nqy|yfD}9z½orfpsfpuw´Ofp~:u{kFmnf9orkqy¥Oe'fp}r}rqX|yfD}qyk~-orfpsfpuw´Ofp~:f9©Fmrf9orkqX¥Fe'fp}r}nqy|yfD}qXkT~qXorf~f9¶kdfD~
u{k	mnbdf}rqXe'f:«q½ª­qy}          ®
abdf-<f9bTq½´Fu{vyo5qX¥Me'v~f9¥!vy¦mrbdfsvOe'TvF}fD~Ke'v~f9¥!u}|Ouw´Of9k	Fª+
 *        $ 	   +  $ 	     
*0+ $
* +               
*  +              
0 + $   $   + $   $  
f¦ºvOonf~f¶kuwkd|¦ºvyore'qy¥w¥{ª  z;¥{fm`¨}f9©d¥{qyuwkÂuwkFmn¨u²mruw´Of9¥{ªIbdv¢« uwm«vyor¬}9®[¼»bdfpkÂqXkÉf9©Fmrf9orkqX¥
e'fD}n}rqX|Of	u} orfps9f9u{´yfp~Áª   zqykÃuwkFmnfponkTqX¥#e'fp}r}rqX|yf[s9qykÃTf¸}nf9kFm ¦ºorvye   mnv  ® fDsf9u{´uwk|
qykIu{kFmnfponkqy¥e'fp}r}nqy|yfOz  s9qXk3kdv¢« }fpk~3qXkdvymnbdfpo-uwkFmrf9orkqX¥±e'fp}r}rqX|yfmnv   qyk~3}v[vOk® ilk3mnbdf
¦ºvO¥w¥{v¢«u{kd|~f¶Tkdu²mruwvOkz  +    !,+   §onfD}®   +      qXorf'mnbdfuwkFmrf9orkqX¥e`fD}n}rqX|Ofp}-}nf9kFmª
  mnv  ºorfp}n®  mrv   ® Í }mrbdfs9vye'<vykdfpkOm5}qy¥²mrf9orkq¢mruw´Of9¥{ª¹}nf9kT~Ée'fp}r}nqy|yfp}qXk~Áqy}  
<f9|OuwkT}9zM«fbq½´Of 2 * , vyo 2 * ,(  ® _vOonfpv¢´yf9o $ +  +   $ +   ºorfp}n® $   +   $    ~f9kvXmnf
mrbdf}mrqXmnfp}vX¦   §onfD}®  qX¦ mnf9ofpqOs5b_uwkFmnfponkTqX¥e'fp}r}rqX|yf-orfps9f9mruwvOk®#avK}u{e'd¥{u²¦ºªOzT«fqX¥}nv ¨}f
mrbdf:dorfp~us9qXmnf +*, , 
 + qXk~ +*, , 
  ~f¶kfp~	qy}¦ºvy¥{¥wv¢«#}  +*, , 
 +    +             
	   
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  Ë½
6*, , 2++ 2 )! * )2 +! .    6*, , 2+)&1*,   + +!*  ")! .  qXkT~ +*, , 
    %         +      
	    6*, , 2+  2 )! "* )2 +! .   +*, , 
)&)*,    )!"*   +)! .  ®ilk vOor~fpo mnvÁ~f¶kf  m«v
onvyfpstmruwvOk}:qXorfu{kFmnorv~¨sfD~    qXk~  «bdus5b¹onfD}<fpsmnu{´yf9¥{ª_dorvXfDstmr}  $    uwkFmrv  qXkT~
 $    uwkFmrv    ®ilk_mrbdf¦ºvy¥{¥wv¢«u{kd|zmnbdf`~f¶Tkdu²mruwvOk¸u}#|Ouw´Of9k[¦ºvyomnbfs9qO}f«bdf9orfqXk¸f©mnfponkqy¥fp´yf9kFmu}onfDsf9u{´yfD~
ª   Omnbdfs9qO}f«bdfponfqXk f©mrf9orkqX¥dfp´yfpkOmu{}RonfDsf9u{´yfD~`Fª  s9vy¨d¥~'Tf~f¶kfp~ u{kKqXk qykqX¥{vy|Of9vy¨T}
«q½ªy®
°vyo#qX¥{¥  +  +    +   z 	*   /$ +  +  $   +   +  +  u}~f9¶kdfp~	ª
	* )   + $ +  + !,+  +  $  +	 -  "+/$ +  + ! +  +	  
u    "+  $ +  +  +  +	   +  
	*  /$ +   $       2 
u  #  $ +  +   $ +      +   #  $   +  $         
«uwmnb 2 * , vOo 2 * , ( 
# 
 +    ! +      +       /+ # 
   +  !             
}n¨s5bmnbqXm
3 &      ,     + $ +    ! +    * $ +  	 +
3 &      ,  u²¦ & ** , vOo 2 * ,




     -2     + /$       (* $   +
3
     -2  uw¦ 
 **92 vOo 2 * , ( 
  + $   !   # %       * 4  7 qyk~ 6*, , 2+ 
* ,+   +
u²¦ 2 * ,     /$          #         *	
u²¦ 2 * , (     +  $ +     +   # +       * 



















      = port







 fm¨T}s9vyk}nu{~df9oqykf©dqye`¥wfvy¦m«vsvye'<vykdfpkFmr}   qXkT~   z½«bdvF}f}mron¨smn¨do5qX¥FqXk~Tfpbq½´uwvOorqy¥
e'v~fp¥{}-qyonf|yu{´yf9kIª_¶|y¨onf ® Í }u{kd|y¥{f`f©mnfponkqy¥f9´yfpkFm-spqXkITf'orfpsfpuw´Ofp~   2 )!  ®abdfponf9¦ºvyorf
mrbdf#svOe'TvF}fD~e'v~f9¥bqy}±q:}nuwkd|O¥wfmrorqyk}uwmnu{vyk     $	 $ .   2 )!   *   $ $ .   4  2 . . +! .  7 qy}
 + /$	 )2 +!   */$ 4  2 . +! 7 qXkT~ 4  2 . )! 7 #  +       * 4 )2'. )!  7 qXk~ +*, , 
 4  2 .)!  7*
4  2 . +!  .  7 qyk~   /$3.   2 . )! 3.  (*/$ .  4 )2'. . )!  .  7 qyk~ 4  2 . . +! .  7 #         *	 ®
























      = port
      = connection
= component
°;u{|y¨dorf- vye'<vO}nu²mruwvOk«uwmnb_~fp¥{q½ª
 fm¨}svykT}u~f9omrbdfspqy}nf-«bdf9orf:e`fD}n}rqX|Ofp} º¦ºvyo#u{k}mrqXkTsf 2 . u{k	vO¨do#f9©qye'd¥wf qXorf-}fpkOm#«uwmnb
~df9¥q½ª}qXk~­uw¥{¥w¨T}mrorqXmnf#«bqXmbTqXd<f9k}vyk'mrbdff©dqXe'd¥{fy® vykTsf9orkdu{kd|:mnbf}mnor¨stmr¨do5qX¥e'v~fp¥]zuw¦mnbdf




























   




























































 7+0  zu{}fpe'u²mnmnfp~[vOk<vyonm , 0 &1,-( «uwmnb	mnbdf~df9¥q½ª ), 1, ®
a   orfp}nfm a   s9¨mpzTa   donfDqX¬
¼  orfp}nfm ¼  dorfpqX¬
a   qOs5¬ a     qys5¬
¼  Tqys5¬ ¼  a   qys5¬
¼  ~q¢mrq  }¨d a   ¼  qys5¬
a   ~dqXmrq  u{k¦ a   ¼  qys5¬
a   ~dqXmrq  }n¨d s´b}pzds´yfD}9zkTyXTzkyOg
   





















¦ºvO¥w¥{v¢«u{kd|I}nfpsmnu{vyk f©d¥qXu{k}mnbdf_~uw³­s¨d¥wmnu{fp}`mrbq¢m «f9orf}nTfDsuw¶Tsmnv3vy¨do qydd¥{u{spq¢mnu{vyk qXk~Â«bdus5b
¦ºvOors9fp~3¨}mnvIf©mnfpk~Éuwmp® Í }u²m`onfp¥wu{fp~ÉvOk·q¸s9¥{qO}n}nu{spqX¥±¶Tkdu²mrfxl}m5q¢mrfKe qys5bdu{kdfK¦ºvyore'qy¥wu}ne	z«f­bqO~
¶Tor}mmrvf9©Fmrf9k~¸u²m:mrv	s9vye'e¨dku{spq¢mnu{kd|K¶kduwmnfxl}mrq¢mrfe qys5buwkdfD}9®-¼¹f`bqy~IqX¥}vKmnvs9vy<f«uwmnb¹vXmrbdf9o
}n<fpsuw¶Ts9u²mruwfD}9z!u{ks¥{¨~u{kd|	mnbff9©u}mnf9kTsf`vX¦u{kFmnfpone'uwmmnfpkFm¦§qy¨d¥²m5}-qXk~mnbdf'u{e'TvOom5qXks9fvX¦mnfpe`<vyo5qX¥
u{k¦ºvOone q¢mruwvOk®ÁfDstmruwvOk ¹svOkOmruwk¨dfD}«uwmnbÃq3~u}ns9¨}n}nu{vyk·vy¦e'v~f9¥}nuwÀpf¦ºvOo qI}nª}mrf9e }n¨s5bÁqO}`q
mrf9¥{fps9vye'e¨dku{spq¢mnu{vyk	kdf9m«vOon¬­qyk~	donfD}fpkFmr}«bq¢m#«fs9qy¥w¥{fp~Kmnbf-|yf9kf9oru{s:~uqX|OkdvO}nf9omnv }nvy¥{´yfmnbu{}
onvOd¥wfpe[®
  ;: !#"%$ - / C EC&HFCE&%- <$@/  ?F?(/-   "
ilkmnbdf'~uqX|ykvO}nf9oqyddorvOqys5b_qO}~fD}ns9onu{TfD~_u{k·Æ dËtÈ¾zTmrbdf'}ª}mnf9e u}qO}n}n¨de'fp~	mrvs9vyk}nu{}mvy¦R}fp´yfporqy¥
~du{}mnu{kstm-dbª}nu{spqX¥±svOe`<vykf9kFmr}pz!fpqOs5bvX¦«bdu{s5bIu{}:orf9onfD}fpkOmrfp~_ªqK¶kduwmnf }mrq¢mrf'e'qOs5bdu{kdf !  *
      8
	   ®   u}mrbdf }m5q¢mrf`}nqys9fyz   u{}mnbf'}nfm:vX¦f9´yfpkFmr}pz   u{}mnbfmrorqyk}uwmnu{vyk¦º¨dkstmruwvOkz
«uwmnb¹kdv	mnfpe'TvOorqy¥s9vyk}mno5qXu{kFmr}pzqXk~ 
	  u}mrbdf u{kdu²mru{qy¥}m5q¢mrfvy¦ !  ®ilkImnbdf'¶Tor}m:}mnfpzq	e'v~f9¥
! *    
	  vy¦mrbdf-«bdvy¥{f-}ª}mnfpe4u{}#d¨du{¥²m#¨}nu{kd| q`s9vye'<vO}nu²mruwvOkvOTfporqXmnu{vyk	vyk[qX¨mrvye q¢m5qd®
vOe'fvy¦#mnbdf[fp´yf9kFm5}u{k  qXorfKvyT}fpon´¢qX¥wf    z±mnbf9u{o`vsps¨doronfpksf	s9qykÂ<fvO}fpon´Ofp~!®Éabdf
orfp}mpz«bdus5b3qyonf ¨kdvy}nf9or´¢qXd¥{f     tz;uwks9¥w¨T~fp}:¦§qyuw¥{¨dorfp}p®abdf bª<vXmnbfp}nfp}qyonf`mnbTq¢mkdv !	 bqy}
qykÁ¨kdvy}nf9or´¢qXd¥{f[sªs¥{f ºuV® fO® q¹s9ªs¥{f	«uwmnbÃvOkd¥wªÂ¨dkdvyT}fpon´¢qX¥wf	f9´Of9kFmr} `qXk~ÁmnbTq¢m'¦§qXu{¥w¨onfD} qXorf
<f9ore qXkdfpkFmp®4abdfÉ}nfm[vX¦¦§qyuw¥{¨dorfIfp´yf9kFm5}      u{}[qX¥}nvÂqyomru²mruwvOkdfp~ uwkFmnvÃ~u}ºvOuwkFm_}f9mr}
s9vyoronfD}<vykT~uwk|mnv­~du Mf9orf9kFm¦§qXu{¥w¨onf:mª<fp} 




abdf~u{qy|ykdvF}fpopzpqy}~f9¶kdfD~u{k ÆÇËtÈ¾zpu}q~dfmnfpone'u{kdu}mru{s;¶ku²mrfR}m5q¢mrf±e'qOs5bdu{kdf  * 		 8 	  




  * 4   + -5 +      -5       -5   7 uwm­e'fpqyk}`mnbqXm mnbdf
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  ËD
}nª}mrf9eu{}uwk_vOkdfvy¦;mrbdf}mrqXmnfD} ,+ 8  8  ® _vyorf9v¢´Of9oDzu²¦±mrbdf}nª}mnfpe+u}uwk[mrbdf}mrqXmnf   zTmnbdf
¦§qyuw¥{¨dorfp}u{ks¥{¨~fD~	uwk 5  e¨T}mbq½´Ofvsps¨doronfD~!® Í ¥{qyTfp¥ 5 u{}qO}¦ºvy¥{¥wv¢«#} 
 5 * 4  7 kdv`¦§qXu{¥{¨donf-«bTq¢m#}v'fp´yf9ovs9s9¨doronfD~!®
 5* 4 7 }vOe`f¦§qXu{¥{¨donfD}e'q½ª_vOo:e'q½ª[kdvym-bq½´yfvsps¨dororfp~!®i¾¦}vTz!kdvykf`spqXk¹Tf'u~f9kFmnuw¶fD~
 Í e'fDqXk}qyedu{|y¨dvO¨} t®
 5 * 4    1   -  7 qXm¥{fpqy}mvOkdf¦§qyuw¥{¨dorf¦ºvOofpqOs5bvX¦mrbdf    1   -  bqy}vs9s¨onorfp~!®
abdf_}nª}mrf9e u}'qy}r}¨de'fD~Émnv3<f[kdvyore qX¥mnv3}m5qXonm «u²mrb qyk~·bdfpksf	mrbdf[uwkduwmnuqX¥#}mrqXmnf[vX¦mnbdf
~du{qy|ykdvF}fpou}  	  4  7  ®
 fm¨T}doruwf9µª}nf9fRbdv¢«¹mnv#d¨uw¥~   zD¦ºvyo;~fm5qXu{¥{}}fpf#Æ dËtÈ¾®i¾mu}qorfps9¨do5}u{´yfdorvsfp}r}p®vyk}nu~f9oruwk|
q }mrqXmnf-vy¦mrbdf~uqX|OkdvO}nf9o 
 + zd¦ºvOo#fpqOs5b<vO}r}nuwd¥{f-vyT}fpon´Ofp~f9´yfpkFm  q'kf9« }m5q¢mrf-vX¦;mnbdf~du{qy|ykdvF}fpo

    
 +! u}svye'd¨dmnfp~¦ºvO¥w¥{v¢«uwk|'qmrbdonfpf-}mrf9[dorvs9fp}r} 
  °dvOofpqOs5b`<vO}r}nuwd¥{f}mrqXmnfvX¦Mmrbdf}nª}mnfpe  u{k 
 + zy|Ofmqy¥w¥dmnbdf}mrqXmnfD}vX¦<mnbf}ª}mnfpe «bdus5b s9qyk
Tf orfpqOs5bdfp~¦ºonvOe  zbq½´uwk|	vO}nf9or´yfp~  zª    * 4     $ 7 «bdfponf $       ®    ~f9kvXmnfD}mnbf:¥{f9fpkdfs¥{vO}n¨dorfvy¦mrbdf}f9m     ®±i¾msvOkFmrqXu{k}qX¥{¥!mrbdf-«vOor~}¨duw¥wm¦ºorvye     ®
   f9m  .      ! «u²mrb    $ *  . ®onvOqX|Fq¢mrfmrbdf­¥qX<f9¥ 5 qy}r}nvs9u{qXmnfD~¸«uwmnb  mrv[mnbdf
¥{qyTfp¥ 5). qO}n}nvsuq¢mrfp~­«uwmnb  . qyspsvOor~u{kd|mnv`mnbf:¦ºvy¥{¥wv¢«u{kd|'on¨¥wfD}
	 
 uw¦ 5 * 4  7 qyk~ $ svOkFmrqXu{k}kdv`¦§qXu{¥{¨donf-fp´yfpkOm5}9zFmrbdf-¥{qyTfp¥ 5). * 4  7
 uw¦ 5 * 4 7 qXk~ $ s9vykFmrqyuwk}kv¦§qyuw¥{¨dorf:f9´yfpkFmr}pzmnbdf-¥qX<f9¥ 5+. * 4 	7
 uw¦ 5	* 4  7 vyo 5* 4 	7 qXk~ $ svykFm5qXu{k}-¦§qyuw¥{¨dorffp´yf9kFm5}-¦ºorvye 4      1  7 mrbdf9k
5 . * 4      -  7
 uw¦ 5* 4      -  7 qyk~ $ svOkOm5qXu{k}¦§qXu{¥w¨onf'f9´Of9kFmr}¦ºorvye 4      1   7 mnbdfpk 5). *4      -  7; 4      -   7
   f9m 
  <f-mrbdf}f9mvX¦±qX¥{¥   . -5+.  TqXu{or}s9vye'd¨mrfp~	¦ºvy¥{¥{v¢«uwkd| }mnfp}-ËqXkT~'qX<v¢´yfyz¦ºvOo#fpqOs5b
  -5 u{k 
 + qyk~«uwmnb`q|Ouw´Of9k  ®f9¥{qOsfqy¥w¥   . -5+.    . -5). .   
  ª   . -5+. #5+. .  u²¦ 5). #5+. . ** 
vyo:ª   . -  vymnbdfpon«u}fO®abqXm:u}mnv[}rq½ªyz!uw¦Rmnbf'}rqXe'f`fp}mnu{e q¢mnfD~I}mrqXmnf  . qyd<fpqXo5}e'vyorf
mnbqyk·vykTsf­u{k 
  «u²mrbÂ~u <fponfpkOm¥{qyTfp¥{}pz«fKqO}n}nvsuq¢mrf­qX¥{¥svOe'e`vOk·svOe`<vykf9kFmr}vX¦mnbdfD}f
¥{qyTfp¥{}«uwmnb  . ®;i¾¦!mrbdf9orfu}kdvs9vye'e'vykKs9vye'TvOkdf9kFm5}«fq¢mnmrqOs5b'mnbdf:qXeduw|O¨dvy¨T}±¥{qyTfp¥  mnv
 ®
°vyof9©qye'd¥wfOzsvOk}nu{~fpo:mnbdf­}nª}mrf9e/«bdvO}nf`¶kduwmnfK}mrqXmnf'e qys5bdu{kdf u}:|yu{´yf9k¹u{kI¶T|y¨dorf­d®­abdf











2 3 4 5
6




















(3,{F1}) (7,{N}) (4,{F1}) (9,{A})
°;u{|y¨dorf'Ëp ;abdf~du{qy|ykdvF}fpo
mrbdfvO}fpon´¢qXmnu{vyk}p® fpuwkd|Kuwk_mrbdfu{kduwmnuqX¥}m5q¢mnf    4  7  qXk~[vO}nf9or´Fu{kd|`mnbf}nfp¿F¨df9kTsf *   *  zTmnbdf
~du{qy|ykdvF}fpoorfpqOs5bdfp}mrbdfK}mrq¢mrf   4   7  ® abdf9orf¦ºvOonf'«f ¬kdv¢«mrbq¢m-mrbdfK}nª}mnfpe u}-u{k3}mrqXmnf 
qyk~KmnbqXm#vykdf:vX¦;mnbf:¦§qXu{¥w¨dorfp}vy¦mª<f   bTqy}vs9s9¨donorfp~®
ilkIvyo5~f9omrv~fDqX¥;«u²mrbe¨¥²mruwd¥{f¦§qXu{¥w¨dorfp}pz;Æ y½È;onvOTvF}fD}q kdfp«~f¶Tkdu²mruwvOk¸u{k«bdus5b_mnbf`qyex
uw|Ovy¨}}ªe<vy¥u{}mrqy¬yfpk_v® Í }mrqXmnfvX¦mnbdf'~uqX|OkdvO}nf9ospqXk_u{ks¥{¨~f`qK}rqXe'fe'v~f9¥}mrq¢mrfe qXkª
mruwe'fD}«u²mrb_~u Mf9orf9kFm¥qX<f9¥}9®Åkmnbdf-f9©dqXe'd¥{fyz«fs9qXk	|yv`¦ºorvye }mrqXmnfmnv­}mrqXmnf-`FªKm«v`«q½ª}
«bu{s5bqyonf<vXmrb¬yfpmu{k}mnfDqy~_vy¦e'fpon|Ouwkd|­mnbdfpe«uwmnbuwk¸mnbdf`qXeuw|Ovy¨}#}nªe<vy¥V®abdfmno5qXk}nu²mruwvOk
vy¦mnbf:~du{qy|ykdvF}fpoR¥qX<f9¥{fp~­ª * qXkT~K}mrqXonmnu{kd|¦ºonvOe4}m5q¢mnf   4  + 7   4  7  |yvfD}Rkdv¢« uwk	}m5q¢mnf









(6,{F1,F2}) (9,{F2}) (9,{N}) 
(6,{F1,F2,F3}) (9,{F2,F3}) (9,{F3}) 




   
	  	"	   # /   " 	 
  dË
   &'		 )¯	












e'fD}n}rqX|Ofp}p® vyorf9v¢´yfpoK«f¸kdfpfp~ mnv TfÉqyd¥wfImnv f©dorfp}r}Kmnf9e'<vyo5qX¥-svOk}mno5qXu{kOm5}­vOk mnbf3~df9¥q½ª}








u{kFmnfponkqy¥f9´Of9kFmr}p® abf_e`v~fp¥#vX¦mnbdf}nª}mrf9e u} q3XxVmn¨d¥wf     8 	  «bdf9orf  *      z
 *       z  *      «u²mrb    mrbdf }f9mvX¦onfDsf9u{´yfD~u{kFmnf9orkqy¥±f9´yfpkFmr}pz   mnbdf­}nfmvy¦
¦§qyuw¥{¨dorfp}pz    mrbdf}nfm`vX¦f9e'uwmmnfD~Éu{kOmrf9orkqX¥f9´Of9kFmr}pz   mrbdf}nfm`vX¦f9e'uwmmrfp~Âqy¥{qyone }p®_abdfK}nfmvy¦
vO}nf9or´½qyd¥{fp}   u{}~f9¶kdfp~¸ª  	*   qXk~_mnbdf'}f9mvy¦R¨dkdvO}fpon´¢qyd¥wfD}     qO}    2  ;   ®





¨duw¥~	u²m¦ºorvye4mnbdf-e'v~f9¥vX¦mrbdf}nª}mnfpe ]}fpfT® `qyk~KT®  t®
abdf-e qyuwk	f©mnfpk}nuwvOk}~fp}rsoru{TfD~Ku{k	mnbdf:¦ºvO¥w¥{v¢«uwk|'}n¨d}nfpsmnu{vyk}qyonf:qy}¦ºvO¥w¥{v¢«#} 





	 ÎÏ½ÙÇÓáXÕtÙÇÑ9ÔÜÐ5Ñ XÖ#á½×]Õ DãÇÖÞ#ÐrÔ]ÙÇÜtß
ÖÐ5×]Ö#ÜÝ½×§×]ÖÑÔVã `Ú!Õt×]Ò9ÙÇÑ½è-ÕtÑÓVÕtãÇÝDÔ]ÙÇÕtÑ½ÓÔ]Õ:Ó]Õtã ØÖ#Ô]Ï½ÙÇÓRá½×§Õ ½ãÇÖÞ%ÓVÝ½ÜVÏ Ð5Ó
ètÖÑDÖ×§ÙÇÜç½ÙâÐ5ètÑ½ÕtÓ]Ö×§Ó;áD×]ÖÓVÖÑÔVÖç-ÙÇÑÓVÖÜlÔVÙÇÕtÑ0Ð5Ñ½ç:ÜÕtÞÞÝ½Ñ½ÙÇÜÐrÔVÙÇÑDèç½ÙâÐ5ètÑDÕtÓVÖ×]ÓÞÖÑ9Ô]ÙÇÕtÑ½ÖçÙÇÑÓVÖÜlÔVÙÇÕtÑ 7Dß
 ÎÏ½ÖÔVÖ×§Þ]Ö :pÔ]ÖÑ½ç½Öçç½ÙâÐ5ètÑ½ÕtÓVÖ×Ý½ÓVÖçÔ]Ï½×]ÕtÝDètÏ½ÕtÝDÔÔVÏDÙÇÓ<á¢Ð5áXÖ×M×§ÖÛwÖ×]ÓMÔ]Õ±ÔVÏDÖ;Ö :pÔ]ÖÑ½ÓVÙÇÕtÑ#Õ5ÛyÔVÏDÖ ¢Ð5Ó]ÙÇÜçDÙâÐ5ètÑ½ÕtÓVÖ×
6 .9 <á½×§ÖÓVÖÑÔVÖç-ÙÇÑÔVÏDÙÇÓá½Ð5áyÖ×ß/5Ôç½Õ9ÖÓÑDÕ5Ô×§ÖlÛ{Ö×!Ô]ÕÔ]Ï½Ö±ç¢ÐrÔVÐÓ]Ô]×]ÝDÜÔ]Ý½×§ÖÐ5ãÇÓ]ÕÑ¢Ð5ÞÖç]Ö :pÔ]ÖÑ½ç½ÖççDÙâÐ5ètÑ½ÕtÓVÖ×Ý½ÓVÖç



















	 Ê   (   * 4Á£y¡d *
 fm:¨}¶or}ms9vyk}nu~f9omnbdf's9qO}f«bdf9orfmrbdf9orfqyonfkdvKu{kFmnfponkqy¥e'fD}n}rqX|Ofp}p®ilkmrbdu}spqy}nfyzMe'fp}r}nqy|yfD}
spqXkIvykd¥{ª<f'qy¥{qyone }qXk~¸¦§qXu{¥{¨donf'e'fp}r}rqX|yfD}9® Í ¥qXore'}:qyonf`f9e'uwmmnfD~¸fp´yfpkOm5}-qXk~¦§qXu{¥w¨onf'e'fp}r}nqy|yfD}
qyonf-orfps9f9u{´yfD~fp´yfpkOm5}9® Í }mrqXmnfvy¦mnbdf~du{qy|ykdvF}fpou{} 
 *   4 57 «bdfponf  u}#q­}nuwkd|O¥wf}m5q¢mnfvX¦mnbdf
<f9bTq½´Fu{vyo5qX¥e`v~fp¥MvX¦!mnbf}nª}mrf9e4qXkT~ 5 q}f9mvy¦!¦§qXu{¥w¨dorfp}p®av`d¨du{¥{~­mnbdfmno5qXk}nuwmnu{vyk}¥wfDq½´uwkd|}m5q¢mnf

 *    4 57 «f¥{vFvO¬K¦ºvOoqy¥w¥«vOor~d} $ * «bf9orf $* $ +  $  z $        qyk~ *     z<«bdu{s5bqy¥w¥{v¢«
mrbdf:qX¨mrvye q¢mrvyk vX¦!mrbdf:}ª}mnf9e mrv|yv¦ºonvOe  mrv  . ª'onfDsfpuw´u{kd| $ qXkT~'mnbdfpk}nf9k~duwkd| * ®±°dvyofpqOs5b









°;u{|y¨dorf'ËD ¨du{¥~uwk|mrbdf-f©mrf9k~fD~[~u{qy|ykdvF}fpoR¦ºorvye+q ° 
°vyof©dqye`¥wfOz¥wf9m#¨}svOk}u~fpomrbdf}nª}mnfpe4«bdvF}f:e'v~f9¥!u}|yu{´yfpku{kK¶T|y¨dorf'ËD® qd®°dorvye+}m5q¢mnf
ËOzmrbdf`vykd¥{ª[vy}nf9or´¢qXd¥{ff9´Of9kFmu} * ® * spqXk¥{fpqO~[mnv	}m5q¢mnf`g­vOk¸svOk~uwmnu{vykvy¦±¦§qXu{¥w¨dorfp} (  qyk~ (  ®
Í mrorqyk}nu²mruwvOku}mnb¨}e'v¢´u{kd|¦ºorvye    4 7  mrv   4 ( 	 ( 67  zqy}}nbdv¢«k	uwk	¶|O¨donf'Ë½® ®
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  yg

	&  * ¡ ( 
  0   
  *    ¡ ( *  *  p
i¾¦«fkdv¢« svOk}u~fpoRu{kOmrf9orkqX¥<f9´Of9kFmr}pzTvymnbonfDsf9u{´yfD~ qXk~­f9e'u²mnmnfD~Kfp´yf9kFm5}spqXk­<fu{kFmnfponkqy¥Tfp´yfpkOm5}9®
Í }uwkFmnfponkTqX¥Mf9´Of9kFmr}qXorfkvXmvy}nf9or´¢qXd¥{ffp´yf9kFm5}9z«bdfpk«f¥{vvy¬`¦ºvyoqy¥w¥Morfpsfpuw´Ofp~K«vOor~d} $2* ¥{fpq½´uwk|
 zX«uwmnb $!     z $ s9qykuwkTs¥{¨~fuwkFmrf9orkqX¥Ff9´Of9kFmr}p® ¨m±qXku{kFmnfponkqy¥f9´yfpkFm;}nbdvy¨d¥~kvXm<fonfDsfpuw´Ofp~:uw¦uwmbTqy}kvXmR<f9fpk­f9e'uwmmnfD~!®abdfponf9¦ºvyorf«f}mnvOonfqX¥{¥u{kOmrf9orkqX¥Tf9´Of9kFmr}R«bdu{s5b bTq½´yf#<f9fpk­f9e'uwmmnfD~­qXkT~
kvXm:ªyfm:orfpsfpuw´Ofp~!z<«bdus5b¸e qX¬Ofuwm-TvF}n}nuw¥wfmnv[s5bdfps5¬[orfpsfpuw´Ofp~_e'fD}n}rqX|Ofp}qX|OqyuwkT}mf9©TfDstmnfD~¸vOkdfp}
qyk~Kmnv'f9¥{uwe'u{kq¢mrf-}vOe`f:vy¦mnbf-uwe'<vO}r}u{d¥{f:qy¥²mrf9orkq¢mruw´Ofp}p®¼¹fqy~~­mrv`fDqys5b[}m5q¢mrfvy¦mrbdf-f©mnfpk~fD~
~du{qy|ykdvF}fpo#q'¥wu}mvX¦}¨Ts5b_uwkFmnfponkTqX¥fp´yf9kFm5}9® Í }mrqXmnf-vX¦mrbdff9©Fmrf9k~dfp~_~uqX|OkdvO}nf9ou}#kdv¢« 4   15  &  7
«bf9orf & u{}Rq:¥wu}mvX¦MuwkFmnfponkTqX¥f9´Of9kFmr}p®av-d¨uw¥~mnbdf#f9©mnf9kT~fp~'~uqX|OkdvO}nf9o;¦ºorvye }mrqXmnf 
 * 4   -5  &  7 z
«f¥{vvy¬	uwk¸mnbdf`e'v~f9¥;vX¦mrbdf}nª}mrf9e¦ºvyo:qX¥{¥;«vOor~d} $ +  $ * f9kTqXd¥{uwk|q mrorqyk}nu²mruwvOk[¦ºonvOe  mnv
 . qXkT~«bf9orf
 $    ºuwm#u{}#q`orfps9f9u{´yfp~Ke'fp}r}nqy|yf z
  vyo $       qXkT~ $    &  $  u}qXk_u{kOmrf9orkqX¥;f9´Of9kFm«bdus5b«qy}f©TfDstmrfp~qyk~_bqO}#kdv¢« <f9fpk
onfDsfpuw´Ofp~ z
  vyo $        $  u}#qO~d~fp~	qy}qykf9©TfDstmnfD~	f9´yfpkFmpz
  qXk~mrbdf-vy}nf9or´¢qXd¥{f *0 2   u{}#f9e'u²mnmnfD~ª mrbdf-¥qy}mmrorqyk}nu²mruwvOk®
abdfkf9«Ã}m5q¢mnfu} 
 . * 4   . -5+. & .  7 «uwmnb 5+.* 5  4 $ % $3    7 qXk~ & . * &( 4 $3% $  2   
4$3  
&17  4 $ % $       
 $  *  &17 ®-abdf`¥wu}m:vX¦f©TfDstmrfp~u{kFmnfponkqy¥f9´yfpkFmr}u{}¨dM~dq¢mrfp~¸Fª~df9¥{fmnu{kd|mnbdf
orfps9f9u{´yfD~­vykfp}qXkT~qO~d~u{kd|'mnbdf:fpe`uwmmrfp~[vOkdfp}p®













°vyof©dqXe'd¥{fyz¥{fm¨}svOk}nu{~fpomnbdf:}ª}mnfpe¯e`v~fp¥!uwk¶|O¨donfËpg® *  f9kTqXd¥{fp}qmno5qXk}nu²mruwvOk ¦ºorvye
}mrqXmnf  mnv¸}mrqXmnf  d¨m`«u²mrbÉmnbdf	f9e'u}n}nu{vykÉvX¦#qyk·uwkFmrf9orkqX¥f9´yfpkFm & ®¸abdf9orf¦ºvOonf «fKqO~d~3mnv¸mnbdf
~du{qy|ykdvF}fpomnbdf`}m5q¢mrf  4 (  7	 4 &17 zde'fpqXkuwkd|­mnbqXm & bqy}Tfpf9k¸}nf9kFm¨mbTqy}#kvXm<f9fpkorfpsfpuw´Ofp~!®









(;:   $ $ ? C& C& - /I 9)CD-E&  G
-E= ) 1CH=%/$@<#)"9) I "*AE$ -  *=%//$ 
uqX|ykvO}rqXdu{¥wuwmªvy¦q}nª}mnfpe «uwmnbKonfD}<fpsmRmnvq~u}ºvOuwkFm}nfmvX¦M¦§qXu{¥{¨donf#mªF<fp}u}R¨}n¨qy¥w¥{ª`~df¶kdfD~­qy}
mrbdf#¦§qOstmmrbq¢mmnbdfvsps¨dorf9kTsf#vy¦!qykª¦§qyuw¥{¨dorfmªTfD}Rs9qyk Tfu{~df9kFmnuw¶fp~'¨T}u{kd|q-<vy¨k~fp~­kF¨e<f9oRvy¦
vO}nf9or´½qXmnu{vyk};¦ºvO¥w¥{v¢«u{kd|:mnbdfvsps¨dorf9kTsfvX¦Mmrbq¢m¦§qXu{¥w¨dorfy® Í ¦ºvOone qX¥<~f¶Tkdu²mruwvOk­s9qyk Tf¦ºvO¨dk~'u{kÆÇX½È
«bu{s5b¸s9vyoronfD}<vykT~d}mnvKmnbdf¦ºvy¥{¥wv¢«u{kd| ¥{fm $ Tf'qXkªmno5qysf|yf9kf9o5q¢mnfD~[ªmrbdf}nª}mrf9emnbTq¢mfpk~d}
u{kq¦§qXu{¥w¨onf}m5q¢mnfvX¦mª<f 4& §¥wf9m¨}orfps9qy¥w¥TmnbTq¢mmnbdf}f9mvy¦¦§qXu{¥w¨onfD}  u{}qyomru²mruwvOkdfp~KuwkKq}f9mvy¦
~du{}§vyu{kFm#mªTfD}#vX¦;¦§qXu{¥{¨donfD}  + ' ;     qXk~	¥{fm  <fqykFª	}¨d³ s9uwfpkFmn¥{ª¥{vykd|­s9vykFmnu{k¨q¢mruwvOk
vy¦ $ ®abfsvOk~uwmnu{vyk­orfp¿F¨du{orfp}±mrbq¢mf9´Of9orªmrorqOsf#<f9¥{vykd|Ouwk|-mnvmnbdf¥{qykd|y¨TqX|yfvy¦ ! qXkT~ bq½´uwk|-mnbdf













mrbdfm«v¦§qX¨d¥wmr}  qyk~ 
	 zFm«vmno5qys9fp}s9qXkfpqO}u{¥wª'<ff9©bduwu²mrfp~	svyororfp}nTvOk~u{kd|-mnv
mrbdf-}nqye'f:}nfp¿F¨dfpksfvX¦qX¥qXore } 4 
% $	 	0$ 7 mnbdf:vOkdf:|yvyu{kd|¦ºonvOe4}m5q¢mrf  mrv`}mrqXmnf  mnbdvO¨d|ybmnbdf
}mrqXmnfD} qXk~  qyk~	mnbdfvykdf-|Ovyu{kd|`¦ºonvOe+}mrq¢mrf  mnvK}mrqXmnf  mrbdvy¨d|Ob	mnbdf}mrqXmnf  ® vOk}fD¿F¨df9kFmn¥{ªyz







s9¨doronfpkOmvykdfqXk~ uwmu}vX¦ mnfpk­<vO}r}u{d¥{f#mnvmrqy¬yf#dorvX¶mvX¦orfps9f9u{´yfD~ qX¥qXore'}mnv`~u{}rsoru{e`u{kqXmnf#<fm«f9fpk








vy¦<qy¥{qyone } #Xbdv¢«f9´Of9oDz¢u²mu{k~us9qXmnfD};mnbqXm±mnbdf 
	 bqO};mnv-<f¦ºvy¥{¥wv¢«fp~ªq 2 / 




}nª}mrf9e(u{}}nqyu{~Ámrv·TfI«fDqX¬¥{ªÁ~uqX|OkdvO}rqXd¥{f[«u²mrb»onfD}<fpsm­mnvÁqÉ|yu{´yfpk TqXonmnuwmnu{vyk»vX¦   z   *
 + '       zu mnbdf:¦ºvO¥w¥{v¢«u{kd|`s9vyk~du²mruwvOku}}nqXmnu}¶Tfp~!®  f9m $ <f-qXkª mrorqOsf|yf9kf9o5q¢mnfD~­ª
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  O
mrbdf'}ª}mnf9e mrbq¢m:f9kT~d}uwk¹q ¦§qX¨¥²mª}mrqXmnf (  vX¦RmªF<f 4& qXk~_¥{fm 
 Tf'qXkªsvOkFmnu{kF¨Tq¢mnu{vyk_vy¦ $ ®
abfsvykT~u²mruwvOk[onfD¿O¨uworfp}mnbTq¢mpz¦ºvyo#qykFªK¦§qX¨d¥wm (  <f9¥{vykd|Ouwkd|`mrv'mnbdf}rqXe'fs¥qy}r} 4& zmnbf9orf-f©u{}mr}q
mrorqOsf $ f9kT~uwk|u{k¸mrbdf`¦§qX¨d¥wmª}mrq¢mrf (  qXk~¹q	svykFmruwk¨qXmnu{vyk   }¨Ts5bmnbTq¢m $ 

































°;u{|y¨dorf_Ë9 ilkFmnfpon¥{fpq½´Ofp~  qXk~  ¦§qXu{¥{¨donfD}qXkT~¹mnbdfKs9vyoronfD}<vykT~uwk|[qy¥{qyone/}fD¿O¨f9ks9fp}:x RQ
Éabdf  dorfpqX¬~v¢«kT}   ­qyonfI}¨dTvF}fD~ mnvÂbTqXd<f9k <f¦ºvOonfmnbdf  svye'fpqys5¬
 








¬Of9m-u{k¹mnbdf­~uqX|OkdvO}nf9o:}mrq¢mrfy® abdf vOkd¥wª~du Mf9orf9ks9f u{}mrbq¢mDzu{k}mnfpqO~¸vy¦bTq½´Fu{kd|[q[~fmrf9ore`u{kdu}mru{s
qy¨mnvOe q¢mnvOkzFmnbdf-f9©mnf9kT~fp~[~uqX|OkdvO}nf9ou{}q`kdvOk_~fmrf9ore`u{kdu}mru{s:qy¨mnvOe'qXmnvOk«bdfponffpqOs5b	~du{qy|ykdvF}fpo
}mrqXmnf-svOonorfp}n<vyk~d}mrv`vOkdf:vX¦;mnbdfqy¥²mrf9orkq¢mruw´Ofy®
 fm¨T}s9vyk}nu{~df9omrbdf[}ª}mnf9eÊ«bdvF}f­e'v~fp¥u}|Ouw´Of9kÉu{k·¶|O¨dorfËDd® q §¨}u{kd|¸mnbdf¶kduwmnf	}m5q¢mnf
e qOs5bduwkf¦ºvOone qy¥wu}e :qyk~¹uwk¹¶|O¨donf[Ë½® s§¨}nuwkd|[mrbdfKs9vye'e¨dku{spq¢mnu{kd|	¶kduwmnf­}mrqXmnf e qys5buwkdf'¦ºvOox
e qy¥wu}e ®¸°dorvye8}mrq¢mrfËyzmrbdfKvOkd¥{ªIvO}fpon´¢qyd¥wfKf9´yfpkFmu{} *  ® *  s9qykÉ¥wfDqy~3mrv¸}mrq¢mrf	[«uwmnbÂmnbdf





mrbdf'¥{qyTfp¥±vX¦mnbdf'kdfp« }mrq¢mrfu}    4 (  7 	  4 ( 67   qO}}nbdv¢«kIuwkI¶|y¨onf	ËDd® ®ilkIvO¨do:f©mnfpk~fD~
~du{qy|ykdvF}fpopz#º¶|y¨dorf_ËDd® ~tzm«v[mno5qXkT}uwmnu{vyk}-qyonf qO~d~fp~zvOkdf ¥wfDqy~u{kd|	mnv[mrbdfK}mrqXmnf  4 (  7 qXkT~



























(  !0 0 C& C&E)B-    - =(& ) &(-E&  ?





onfD}fpkOmrfp~ qyTv¢´OfyzX«u{¥w¥<|yorv¢« uwk~df¶kduwmnfp¥wª ]qdorfpqy¬~dv¢«k`qyk~ uwmr}svye'fpqys5¬`s9qXk­qyd<fpqXoRuwk¶Tkdu²mrf9¥{ª
u{k_q ¥qX<f9¥ t®av­}nvy¥{´yf:mnbu{}onvOd¥wfpe[z«f-bq½´yf:u{kOmronv~¨Tsfp~mrbdfkdvymnu{vyk[vX¦e'uwkdu{e qX¥;svye'fpqys5¬K}nfm
qyk~-bq½´OfqO~d~fp~vy¨mrd¨me`fD}n}rqX|Ofp}mnvmnbdff©mnfpk~fD~~uqX|OkdvO}nf9oD®f9¶kduwmnu{vyk  _u{kdu{e'qy¥ vye'f qys5¬
fm
¼»bf9kIq­¦§qXu{¥w¨onf ( vsps¨do5}pzmrbdf`}nª}mrf9e s5bqykd|yfD}qyspsvOor~u{kd|'mrvKmrbdu{}¦§qXu{¥{¨donfO® Í }donfDqX¬~v¢«k}qXorf
kvXm<f9ore'qykdf9kFmDzXmnbTqXkd¬};mnv:mrbdf#f9©u}mnf9kTsfvX¦Morfpsv¢´Of9orª:donvs9fp~¨dorfp}pz¢mrbdf¦§qXu{¥w¨onf#~u}rqXd<fpqyor}±qX¦ mnf9oq
«buw¥{fy®±abdfe`u{kdu{e qX¥Msvye'fpqys5¬'}f9m    u}Rmnbdfe'uwkdu{e qX¥M}f9mvy¦f9´yfpkFmr}Rs9vyk}mnuwmn¨dmnu{kd|`qsªs¥{f	
uwm'e'qy¬yfD}-mnbf	}nª}mrf9e8svOe`fqys5¬3vOoorfmn¨onkÉmrvIqykÂqX¥{onfDqy~ª¹´u{}nuwmnfp~Á}m5q¢mrfy® Í k   Âs9qyk·Tf
qO}n}nvsuq¢mrfp~mnv­fDqys5b	¦§qXu{¥{¨donfO® ±©dqXe'd¥{fp}vX¦±¦§qXu{¥{¨donfD}#qXkT~	mnbdfpuwo   [qXorf-|yu{´yfpk_uwk[mrbdf¦ºvO¥w¥{v¢«uwk|
m5qXd¥{fy®
°TqXu{¥w¨dorf   
a   dorfpqy¬ a   dorfpqy¬Mza     qys5¬Mza   ¼  qys5¬
a   s9¨m a   s9¨mpzda      Tqys5¬













   
















mrbdff©mnfpk~fp~	~uqX|OkdvO}nf9oDzy«f}nbdvO¨d¥{~Kbq½´yfmnbdf-}mrqXmnf    4  
	  
6 7  u{k­mrbdf:f©mnfpk~fD~
~du{qy|ykdvF}fpop®±abdu}#}mrq¢mrf-u²m5}fp¥²¦s9vy¨d¥~	Tf-f9©TqXk~fD~[q¢¦ mnfpoq 
% $ ¦ºvy¥{¥wv¢«fp~ªq 
$ mno5qXkT}uwmnu{vyk[u{k
q    4  
	   
6    
	 
 +0  7 }m5q¢mnf'qXkT~¸}nvvOk®abdf'}f9m 4  
	   
6 7 u}:orfpsvO|ykdu{À9fD~	mnv	Tf qyk   M®
abf¹}mrqXmnf    4  
	  
6 7 u}	svykT}u~f9orfp~ qy}fp¿F¨du{´½qy¥wfpkFmmrvÂmrbdf¹}mrqXmnf    4 7  q¢¦ mrf9o
bTq½´Fu{kd|`qy~d~fD~ mrvmrbdfmno5qXk}nu²mruwvOk­|yvOuwk|¦ºorvye4}mrq¢mrf   
	   mnv  	 4 7 mrbdf:vy¨mrd¨me'fp}r}nqy|yfD}
  +	  qXk~ 
6 zdqO}}bdv¢«k	u{k¶T|y¨dorfËDd® ®
( !0 0 C& C&E)B-    - =(& ) )B$@I ?







0$	  	 ,    u}mnbdf:¦ºvO¥w¥{v¢«u{kd|vOkdf	
  
    +0      /
6 /     ®!i¾mu}qs9qO}f±vy¦    dorfpqX¬}
~dv¢«k3qXm-mnu{e'f 
 zf©d¥qXu{kdu{kd| 
% $   svOe`fD}-qOs5¬Iq¢mmnu{e`f   z;f©d¥qXu{kduwk| 
0$    qXkT~
7 <f9|yu{k·mrvIorf9<vvXm'q¢m`mnbdf_}rqXe'f­mruwe'f 
 ®   svye'fD}qOs5¬3mnv¹q¸kdvOone qy¥}mrqXmnf[q¢mmruwe'f
  z!f©d¥qXu{kdu{kd| , ®  bqy}kdvymsvye'f`qys5¬_ªOfmDzf©d¥qXu{kdu{kd|Kmrbq¢m-uwmr} , qy¥{qyone bTqy}kdvXm
ªOfm<f9fpkÉonfDsf9u{´yfD~!® Í }  mrqy¬yfD}:mnu{e'f ,    , 1,  mnvorf9<vvXmDzuw¦qXm-mnu{e'f 
 9,  kdv ,















 ®  






  	    e`fDqXk}mnbqXm 
6 vs9s9¨do5}q¢mmnu{e`f 	  «bdu{s5bÉ´Of9oru²¶Tfp}:mrbdfs9vyk}mno5qXu{kFm





   
e'fpqXkT}±mnbTq¢mRmrbdfu{kFmnfponkqy¥e'fp}r}rqX|yf 7
6 s9qyk vykd¥{ªvsps¨douwk mrbdf#mruwe'fuwkFmnfpon´¢qy¥  




 R´yf9kFm5}vX¦;m«v svOk}nfps¨dmnu{´yfmno5qXk}nu²mruwvOk}qXorf:}¨ddfpstmmrv q'donfDsfD~f9ks9fs9vyk}mno5qXu{kFmp®
°;u{kqX¥{¥wªOzq	}m5q¢mnf`vX¦mnbdf'f9©Fmrf9k~dfp~¹~u{qy|ykdvF}fpou}:vX¦mrbdf`¦ºvyore   -5  &   «bf9orf  u}:q}nª}mrf9e
}mrqXmnfOzd¥q }nfm#vX¦±~dqXmnfp~¦§qyuw¥{¨dorfp}pzduu}#q'¥wu}mvX¦±~dq¢mrfp~	u{kOmrf9orkqX¥!e'fD}n}rqX|Ofp}qXkT~  q'}f9m#vX¦mnfpe`<vyo5qX¥
















<vO}r}nuwd¥{f:vy}nf9or´¢qXd¥{f:f9´Of9kFmu{} *  ®  f9m#¨}}¨dTvF}f:mrbq¢m#uwm#vs9s9¨dor}qXmmnu{e`f 
 ®abdfponf9¦ºvyorf (  qX¥}nv
vsps¨do5}#q¢mmnu{e`f 
 qXk~ (  qXmq'mnu{e'f 	  «bdu{s5b_´Of9oru²¶Tfp}mrbdfsvOk}mno5qXu{kOm 	   
 ®abff©mnfpk~fD~
~du{qy|ykdvF}fpou}|yu{´yfpku{k¶|y¨dorf'Ë½® ®
°;u{kqX¥{¥wªOz½mnvd¨du{¥{~mnbdff9©Fmrf9k~dfp~~uqX|OkdvO}nf9o¦ºonvOe}m5q¢mrf   -5  &   «f¥wvvy¬-qXm;qX¥{¥Fmnbdfmno5qXkT}uwmnu{vyk}
¥{fpq½´u{kd|}mrq¢mrf  uwk mrbdf}nª}mrf9e e'v~f9¥V® f9¦ºvyorf#e'f9f9mnu{kd|mrbdfvO}fpon´¢qyd¥wffp´yfpkOmDzO«fspqXk­fpksvO¨dkFmnf9o
f9©mnf9orkqy¥!f9´yfpkFmr}#qyk~	uwkFmnfponkTqX¥fp´yf9kFm5}uwkTs¥{¨~fp~[u{k & ®  fm¨}}¨dTvF}f:mrbq¢m«fqXororuw´OfqXm}m5q¢mrf  .
mrbdorvy¨d|Ob:mno5qXk}nu²mruwvOk} ) +  )   )3 ® Í mno5qXkT}uwmnu{vyk:¦ºorvye   -5  &   mrv   . -5).  & .  .  u}mrbdf9kqO~d~fD~
mrv:mnbdff©mnfpk~fD~ ~u{qy|ykdvF}fpopz¢«uwmnb & . * &-( &8+  &  zO«bdfponf &8+ u}mrbdf}nfmvy¦Mu{kFmnfponkqy¥df9´Of9kFmr}onfDsf9u{´yfD~
mrbdorvy¨d|Ob ) +  )   )  qyk~ &  mrbdf­}nfmvX¦u{kOmrf9orkqX¥±fp´yfpkOm5}:f9e'uwmmnfD~Imnbdorvy¨d|Ob ) +  )	  )3 ®
5+. *95  5  ( 5 + «bdfponf 5  u{}mnbdf}f9mRvX¦qX¥{¥d¦§qyuw¥{¨dorfe'fp}r}nqy|yfp}onfDsf9u{´yfD~mrbdorvy¨d|Ob ) +  )    )  qXkT~
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  y
5 + u{}mnbdf`}f9mvX¦   }<f9¥{vykd|Ouwkd|'mrv 5 &5  ®abdf-mrorqyk}uwmnu{vyk[¦ºorvye   -5  &   mrv   . 15).  & .  .  u{}
¥qX<f9¥{fp~ª (  *     5 + ® _vOonfpv¢´yfpopz½svOk}mrorqyuwkFm5}orf9¥q¢mruw´Ofmnvmnbf~q¢mnfvX¦ 5 + qyonfqy~~fp~mnv  ®°;uw|O¨dorf
Ë K|Ouw´Ofp}qXk¹f©dqXe'd¥{f`vX¦q	}nª}mnfpe«uwmnbImnf9e'<vyo5qX¥±svOk}mno5qXu{kOm5}:qXk~¸vX¦uwmr}:f9©mnf9kT~fp~¹~uqX|ykvO}nf9oD®






















(  $   &FC )CD-E& - 7)B"($ FCE&(-E< $ /
f9¦ºvyorf~f¶kuwkd|Kmnbdff©mnfpk~fD~_~u{qy|ykdvF}fpopz¥wf9m¨}onfDs9qy¥w¥!mrbdf~df¶kduwmnu{vyk¸vX¦mnbdfTfpbq½´uwvOorqy¥e'v~f9¥
vy¦mrbdf-kdfm«vyor¬M®i¾mu}#q'~f9mnf9ore'uwku{}mnus-svOe`e¨dkdus9qXmnu{kd|¶Tkdu²mrf}m5q¢mrf-e'qOs5bdu{kdf     	  «bf9orf
 u}q¶Tkdu²mrf-}f9mvy¦}mrqXmnfD}9z  	   u{}mnbdf:u{kdu²mru{qy¥}mrq¢mrfyz  u{}q'}nfmvX¦;f9´yfpkFmr}p®;ilk	vy¨o#qXdd¥{us9q¢mruwvOk
 *     «bdf9orf   qyonffpe'u²mnmnfp~f9´Of9kFmr};qXk~   qXorforfps9f9u{´yfp~:fp´yfpkOm5}9® _vyorf9v¢´Of9o   *     
qyk~   *     z«bdfponf    qXorf:f9e'u²mnmnfD~[uwkFmnfponkTqX¥!f9´Of9kFmr}pz    onfDsfpuw´Ofp~uwkFmnfponkTqX¥!f9´Of9kFmr}pz 
¦§qyuw¥{¨dorfp}pzdqXk~   qX¥qXore'}p®  u}q`¦º¨dksmnu{vyk_~f¶Tkdfp~	ª 
 $   $   $  3(  
Í ~du{qy|ykdvF}fpo<u}qkvyk-~fmrf9ore'uwkdu}mnus±svye'e¨dkdus9q¢mruwk|¶kduwmnfR}mrqXmnf±e qys5bdu{kdf  *        
 	   ®
  *    2   «bdfponf   	*   u}mrbdf`}nfmvX¦RqX¥qXore }9®#abf9ª[qXorf-mnbdfvykd¥{ª	vy}nf9or´¢qXd¥{ff9´Of9kFmr}
vy¦mnbdf}ª}mnfpe	zDmrbdu{};}nfmu};s9qX¥{¥{fp~     u{k-mrbdfR¦ºvO¥w¥{v¢«u{kd|      $  *   t®    u}mrbdf}nfm;vX¦   M®
Í }mrqXmnf-vX¦mnbdf~du{qy|ykdvF}fpou} 
  *   15  &    «bdfponf





 5 * 4  (+        /(       7 «u²mrb (   2 z 5 u}#q'¥qX<f9¥~dfp}rsoruwdu{kd|`mnbf:¦§qXu{¥w¨dorf-f9´Of9kFmr}mrbq¢m
bq½´yfvsps¨dororfp~	uwk¸vyo5~f9omrv­orfpqys5b	mrbdf}mrqXmnf   ®    u}mnbdfvsps¨dororf9ks9f~dq¢mrfvX¦±mrbdf-¦§qXu{¥{¨donf
(  ®
 & * 4  &8+               &            7 «uwmnb &      ® & u}­q¹¥wu}m­vX¦:uwkFmnfponkTqX¥e'fp}r}nqy|yfD}uwkTs¥{¨~u{kd|ÂqX¥{¥#mrbdfu{kFmnf9orkqy¥#e'fp}r}nqy|yfp}mrbq¢mKbTq½´yf_<f9f9k»fpe'u²mnmnfp~»qyk~Ãbq½´Of	kvXmKªOfmK<f9fpk
onfDsfpuw´Ofp~!® RqOs5b[uwkFmnfponkTqX¥!e'fp}r}nqy|yf &  u}#qy}r}nvs9u{qXmnfD~K«uwmnb	m«v'~q¢mnfD}    qXkT~   ze'fpqykduwk|
mnbqXmmnbdf-e'fD}n}rqX|Ofe¨}m#<f-orfpsfpuw´Ofp~KTf9m«fpf9k      qXk~     ®
   u{}	q·}nfmvy¦-mnfpe`<vyo5qX¥svOk}mrorqyuwkFm5} :q·svOk}mno5qXu{kOm¥wvvy¬}K¥wu{¬yf +     qXk~ ~dfpqX¥}­«uwmnb
4                        7 ®
  u}qorf9¥q¢mruwvOk	~df¶kdfD~	Fª 	$ 	$    	$     ®
(   =FCH-(C&')"%$(C   &%-E< $ /
f9¦ºvyorfd¨uw¥~u{kd|'mnbdf~du{qy|ykdvF}fpopz«f¶Tor}mf©mnfpk~  mrv'q'}nfp¿F¨dfpksf:vX¦f9´Of9kFmr}p®
    2  + (*  +  2  + 
   + -2    *    -2    	     2  + 2   (*     2  + -2    
«bf9orf  ,+8$   z 2 "+  2 $    z 2  +  2       $  3   qXk~  2  +  2   ~f9kvXmnfD}q
}nfp¿F¨dfpksf:vy¦;~dqXmnfp~	fp´yf9kFm5}  mnbf-f9´yfpkFmr}vX¦ 2  + e¨}mvs9s9¨do<f¦ºvyorfmnbdf-fp´yfpkOm5}vX¦ 2  ®
¼»uwmnb mnbdfIf©mnfpk~fp~»mno5qXk}nu²mruwvOkz«f¹s9qyk»kdv¢« d¨du{¥{~ÃmrbdfI~du{qy|ykdvF}fpo­onfDs¨do5}nuw´Of9¥{ªy® abdf_¦ºvO¥²x
¥{v¢«u{kd|	}nbdv¢«#}:bdv¢«mnv_d¨du{¥~¹qy¥w¥mrbdf'mno5qXkT}uwmnu{vyk}   
 + ! ¦ºvOo:q_}mrqXmnf 
 +0*  ,+-5 +  &8+ +  «uwmnb
5 +* 4 /( +         (       7 qXk~ &8+* 4  &8++               &8+           7 ®°dvOofpqys5bTvF}n}nu{d¥wfvO}nf9or´yfp~­f9´yfpkFm   2    orfps9f9u{´yfD~Kq¢mmruwe'f  zmnbf-kdf9«S}m5q¢mnfD}vX¦;mnbdf-~uqX|OkdvO}nf9o
  qyonf:svOe`¨mnfD~
qO}¦ºvy¥{¥wv¢«#} 
  °dorvye mnbfe'v~f9¥Mvy¦!mnbdf:}ª}mnfpe	zF«fsvOe'd¨mnfmnbf}nfm  vX¦yx]mr¨dd¥{f  	 2   &   «bdfponf 
s9qyk¹<f­orfpqOs5bdfp~¸¦ºonvOe /+ ª¸orfpsfpuw´u{kd|	mnbdf ¨kdvy}nf9or´¢qXd¥{f'f9´Of9kFmr} 2  qXk~Imnbf9kÉf9e'uwmmruwkd|
mnbdf-u{kFmnfponkqy¥!f9´Of9kFmr} & qyk~mnbdf-vO}nf9or´½qyd¥{ffp´yf9kFm  zd«uwmnb	mnbfsvykT}mrorqyuwkFmr}  ®
  
 +  * 4   2   &   }n¨s5bmnbqXm
  ,+ 2 "+ -2    *      &8+ -,      -,       &
	1,8   -,      
«bdf9orf
2 * 4  2 "+         2 	     7 «uwmnb 2 3    4 &8++  &+  7
& * 4  &+                &
         7 «u²mrb & $         qXkT~  qXkT~ & qyonf:fpe`uwmmrfp~	vyk	mrbdf-¥{qO}mmrorqyk}uwmnu{vyk
 * 4               *   3
    *  ,8      * ,8  7
57698:5$;
 3 	 
   
	  	"	   # /   " 	 
  gË
  °dvOoqX¥{¥   -2   &        
 + ! «fÉqy~d~ mnv mrbdf·~uqX|ykvO}nf9o	mnbdf3mrorqyk}nu²mruwvOk  
 +! 
4  	-5  &      2 87 «uwmnb
&  *  &8+(/2   &
2  * 
   )5 +  2 
5  * 5 +  )2  (    (/2 
  *  +  
¼If`qy~d~	mrv­mrbdfu{kFmnf9orkqy¥¥wu}mqX¥{¥mrbdfu{kFmnfponkqy¥e'fp}r}rqX|yfD}«bdus5b_bq½´yf-<f9fpkf9e'uwmmrfp~_vOk_mnbdf
«q½ª¦ºonvOe ,+ mrv  zFqXk~«fm5qX¬OfvO¨mqX¥{¥mnbdfu{kFmnfponkqy¥e'fp}r}nqy|yfp};«bdus5b`bq½´yfTfpf9k'orfpsfpuw´Ofp~!®
5 +  5  u}mnbf}f9mvX¦vs9s¨onorfp~K¦§qXu{¥w¨onfD}9® 2  u{}mrbdf}nfmvy¦   d}uwkTs¥{¨~fp~[u{k 5 + '5  Tu²mu{}
qy~d~dfp~­qO}RvO¨mnd¨dme'fp}r}rqX|yfD}±vyk­mnbdfmno5qXk}nuwmnu{vyk®abdf}nfmvX¦¦§qyuw¥{¨dorf#e'fp}r}nqy|yfD}¬yfpm«uwmnbKmnbdf
}m5q¢mrf   u}mnbdf }nfmvX¦onfDsfpuw´Ofp~fp´yfpkOm5}:«bdus5b¹qyonf`kdvXm-u{kFmnf9orkqy¥±e`fD}n}rqX|Ofp}:qXkT~¸«bdus5b3qXorf
kdvXm#u{ks9¥w¨~dfp~	uwk	mrbdf}f9mvX¦   }f9e'uwmmnfD~!®
( I ?FHD$
 fm:¨}svykT}u~f9o:qK}nª}mrf9es9vye'TvF}fD~_vX¦q mnfDs5bdkdus9qy¥;s9f9kFmnfpo  qyk~¸q}«uwmrs5b  ®:i¾mr}e'v~f9¥
u}|Ouw´Of9k[uwk[¶T|y¨dorf5d®¼¹fqy}r}¨e`f:mrbq¢mq¢m#mrbdf<f9|yu{kdkdu{kd|'mrbdf}nª}mrf9e u}#u{k_uwmr}#u{kduwmnuqX¥;}m5q¢mnf-«uwmnb
kv¸¦§qyuw¥{¨dorf §uwkÁmnbdf[f9©qye'd¥wfmnbf	u{kduwmnuqX¥}mrq¢mrfu} }mrq¢mrfIË t®Âabf9orf¦ºvyorf­mrbdf[uwku²mru{qy¥#}m5q¢mnf	vX¦mnbdf
~du{qy|ykdvF}fpou}-}m5q¢mrf    4 7	 4 7 e'fpqXkuwkd|	mrbq¢m:mnbf'}nª}mrf9eu}:u{k¹}mrqXmnf	Ëyz!mrbq¢m-kdv	¦§qXu{¥{¨donf'qXkT~¸kdv
u{kFmnfponkqy¥!f9´Of9kFmbq½´yfvs9s¨onorfp~!®
Í spsvyo5~u{kd|mrvmrbdf:e`v~fp¥MvX¦!mnbf:}nª}mrf9e mnbonfpfqy¥{qyone }RspqXk­<f:vy}nf9or´yfD~ q¢¦ mrf9o}m5q¢mnf`Ë  , z
	%$ qXk~ 	%$ ®;abdf¶o5}mvykdfe`fDqXk}mnbqXmRmrbdf}nª}mrf9e u}u{k}mrq¢mrf#qyk~'mrbq¢mq  bqy}
vsps¨doronfD~!®mnbdfponf9¦ºvyorfKq	mno5qXk}nuwmnu{vykÉ|yvOuwk|[¦ºonvOeÊ}mrqXmnf    4 7	 4 7 mrv¸}m5q¢mrf    4 7  7	 4 7 
qyk~¥qX<f9¥{fp~¸ª , u{}:qO~d~fp~mnvmnbdf ~uqX|OkdvO}nf9oD® Í }  qXkT~ , qyonfvykmrbdf }nqye'f
e'v~fp¥mno5qXk}nuwmnu{vykz¢mrbdf9u{o±vs9s9¨donorf9kTsfmnu{e`fqXorffD¿O¨TqX¥V®i¾¦ , u}±orfpsfpuw´Ofp~q¢m±mnu{e'f 	  z 
vsps¨do5}q¢mmnu{e'f 	  mrbdu{}mrf9e'<vyo5qX¥!u{k¦ºvyore q¢mnu{vyk	u}#qy~d~dfp~Kmnv'mnbf:~du{qy|ykdvF}fpop®
 fm¨}¥wvvy¬Iq¢m-mnbf 
%$ qy¥{qyonemnbqXm¥wfDqy~d}¦ºorvyeÊ}m5q¢mrf_Ë'mnv}mrq¢mrf­	uwk¹mnbf­e'v~df9¥V®­¼»bdf9k
mrbdu}qX¥qXoreu{}onfDsf9u{´yfD~!zdmrbdf}nª}mrf9e|yvfp}mnv}mrqXmnf­qXk~_q   +	  vs9s9¨dor}p®#abdfponf9¦ºvyorfq'mno5qXkx
}nuwmnu{vyk[¦ºorvye }m5q¢mnf    4 7  4 7  mnvK}mrqXmnf   4  
	  7  4 7 u{}qy~d~dfp~	mnvKmnbdf~u{qy|ykdvF}fpop®abdf~q¢mnf
qO}n}nvsuq¢mrfp~ mrv 
	  u{}mnbdf~dqXmnf:vX¦;mnbfqX¥qXore 
%$ ®
abdf-qy¥{qyone 
% $ ¥{fpqO~d}R¦ºonvOe4}m5q¢mnf`Ëmnv'}m5q¢mnf u{kmnbdfe'v~df9¥V®±¼»bdf9kmnbdu}qX¥qXore u{}orfpsfpuw´Ofp~!z
mrbdf-}ª}mnfpe4u{}u{k	}mrqXmnf
dzdq  bqO}vsps¨dororfp~Kqyk~Kqyku{kFmnfponkqy¥Mf9´yfpkFmbTqy}Tfpf9k	f9e'uwmmnfD~!®
abf9orf¦ºvyorf:qmrorqyk}nu²mruwvOkK¦ºorvye }mrqXmnf    4 7	 4 7 mnv­}mrqXmnf    4 7
 7  4   
6 7  u{}
qO~d~fD~`mnv-mrbdf~uqX|OkdvO}nf9oD®i¾¦ 
%$ u}orfps9f9u{´yfD~`qXmmnu{e'f 	  mnbdfpk  bqy}Rvsps¨dororfp~'q¢mmruwe'f
	  qXk~ 
6 bqy}mrv'vsps¨do<fm«f9fpk 	  ,  qyk~ 	  &, ®
Í ¥w¥mnbdf_<vO}r}u{d¥{f[mno5qXk}nuwmnu{vyk}'|Ovyu{kd|3vy¨m­vy¦mrbdf_uwku²mru{qy¥}mrq¢mrf[bq½´yf[<f9f9k qO~d~fD~Âmrv3mnbdf~du²x
qy|ykdvF}fpop®abdonfpf'kdf9« }m5q¢mnfD}:bq½´yf`<f9f9k¹d¨du{¥wm     4  7	 4 7 z  4   
	 7	 4 7  qXkT~










[d1,d2], [d’1, d’2], [d"1,d"2] denote the time intervals corresponding respectively to the SW rebooting delay, 






s1(u1,u2) = ((TC_cut,u1), (TC_SC_back,u2)) with d’1 < u2-u1 < d’2
s3(u2,t’,u3)
s2(u1,t)
with d’1 < u3 - u1 < d’2 and d1 < u2 - u1 < d2
tm(u) = (TC_SW_back,u+d1,u+d2)
s3(u1,u2,u3) = ((TC_break,u1), (TC_SW_back,u2), (TC_SC_back,u3))
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